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I.— Fig. l.—Productu8 (Marginifera) erf. kwdchototnsis, Huang. X 2. 
Htam Sang. 

Fig. 2.^Auloslege8 cL tibeticus, Diener. Interior of brachial valve. 

X 2^. Near 24 tb mileatone on Taong-gyi'Mdng Pawn 
road. 

PiQ, 3 , — Produchis (Marginifera) bivius, sp. nov. Pedicle-valve. 

X 1^. Near 24th milestone on Taung-gyi-M6ng Pawn 
road. 

Fig, *3a,--Produci%ts (Marginifera) bivius, sp. nov. Posterior view 
of same specimen. X ij. 

Fig. 36. — Productus (Marginifera) bivius, sp. nov. Portion of 
surface of shell of same specimen. X 4. 

Fig. i,—Squamularia sp. nov. Complete speounen. 

Brachial valve view, x 2. Htam Sang. 

Fio. 4a . — Squamularia duplex, sp. nov. Complete specimen. 

Pedicle-valve view of same specimen. X 2. 

Fiq. 46. — Squamaiaurui duplex, sp. nov. Complete speoimen. Side 
view of same speoimen. X 2. 

Fio. 4c. — Sgtiamulctfta dujfiex, sp. nov. Complete epedmen. 

Anterior marginal view of same specimen, x 2. 

Fiq. 4d. — Squamularia duplex, sp. nov. Complete specimen. 

Portion of surface of same specimen. X 12. 

Fig. 5. — Notoihyrie persinUlie, sp. nov. Complete specimen. 

Brachial valve view. X 2}. Htam Sang. 

Fig. 5a. — Nololhyria pereimUis, sp. nov. Complete specimen. 

Side view of same specimen. X 2}. 

Fio. 56. — Nolotht/ria pereimilis, sp. nov. Complete specimen. 

Pedicle-valve view of same speoimen. X 2^. 

Fig. 5c, — Nolotkijris persimilie, sp. nov. Complete specimen. 

.Anterior marginal view of same specimen. X 2}. 

Fig. 5d. — Notolhyria pereimtlii, sp nov. Complete specimen. 

Portion of surface of shell of same specimen. X 10. 
Fig. 6. — Spirigerelia praelonga, Waagen, var. nov. ekanenei^. 

Complete specimen. Side view. x2. Htam Sang. 
Fio. 6a. — Spirigerelia praelonga, Waagon» var. nov. shaneneis. 

Complete spedmen. Anterior marginal view of same 
speoimen. X 2. 

Fig, 66. — Spirigerelia praelonga, Waagen* var. nov. ekanensU, 

Complete specimen. Pedicle-valve view of same speci- 

men. X 2. 
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!• — Fio. 6c. — SpirigereUa pmelonga, Waagen, van nov. shanensia. 

Complete specimen. Brachial valve vie^v of same 
specimen. X 2. 

Fia. iid.Sp%rigereUa praelonga, Waagen, van nov. ahanenaia. 

Complete specimen. Portion of surfaoe of shell of 
same specimen. X 8. 

FiQ. 7. — Spiriferina (SpirifereUiva) shancnaia, sp. nov. Complete 
specimen. Brachial valve view, x 2}. Htam Sang. 

Fia. 7a. — Spiriferina (Spiriferdlina) shanensis, sp. nov. Complete 
specimen. Pedicle- valve view of same specimen. X 2^. 

Fig. 76. — Spiriferina (Spiriferdlina) ahanenaia, sp. nov. Complete 
specimen. Anterior marginal view of same specimen. 
X 21 

Fig. 7c. — Spiriferina (Spiriferdlina) ahanenaia, sp. nov. Complete 
specimen. Side view of same specimen. X 2J. 

Fig. 8. — Spiriferina (Reiiculariina) conquisita, sp. nov. Brachial 
valve view. X 2J. Htam Sang. 

Fig. 9. — Spiriferina (Reiiculariina) conquisita, sp. nov. Another 
specimen. Brachial valve. X 2J. Htam Sang (A. 
634). 


PLATE 2. — Fig. 1. — Feneatdla muUinodfUosa, sp. nov. Portion of zoaiium 
X 16. Htam Sang. (A. 634). 

„ Fig. la. — FeneateUa muUinoduloaa, sp. nov. 2Coarium of same spec- 
imen. X 3. 

Fig. 2. — FenedeUa gemmata, sp. nov. Portion of zoarium. x 12. 
Htam Sang. 

„ Fig. 3. — Rhahdomeaon ahanenae, sp. nov. Portion of stem, x 12. 
Htam Sang. 

„ Fio. 4. — Fiatnlipora aervala, sp. nov. Portion of surface of zoarium. 

X 10. Htam Sang. 

„ Fig. 4a.—Fiatulipora eerraia, sp. nov. Zoarium of same specimen, 

nat. size. 

„ Fig. 6. — Polypora diacreta, sp. nov. Zoarium showing dissep- 

iments. X 2. Htam Sang. 

„ Fig. 6a. — Polypora diacreta, sp. nov. Another part of same zoarium 

without dissepiments. X 2. 

„ Fig. 66. — Polypora diacreta, sp. nov. Portion of branches of same 

specimen. X 10. 

„ Fio. 6. — Michdinia dieneri, sp. nov. Complete corallum. x 2. 

Htam Sang. 

„ Flo. 6a. — Michdinia dieneri, sp. nov. Portion of same corallum. 

X 6. 

„ Fio. l.— SVreJbk^rypa baaderi, sp. nov. Portion of stem, x 16. 

A Hear 24tb milestone on road from Taung-gyi to Mdng 
I Pawn. 

„ IiG. S.—Sireblotrypa baaaUri, sp. nov. Portion of another stem. 

X 20. Htam 8a^. 
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rL4TB t.— Fio. 9. — Rhombopora circumcincia^ sp. nov. Zoarium. x 2. Htam 
Sang. (A. 5S4>. 

,» FlO. 9a. — Rhombopora circumcincla, sp. nov. Portion of same spec- 
imen. X 12. 

„ FiO. 10. — Rhombopora circuwctmia, sp. nov. Portion of another 
specimen. X 20. Htam Sang. 

„ Fig. \\,— Polypora konincHatta, Waagen and Picbl, var. nov. 

po^lrra, Zoarinm. X IJ. Htam Sang. 

„ Pio. 11a. — Polypora honincHava^ Waagen and Picbl, var. nov. 

poslera. Portion of same specimen. X 6. 

„ Fio. 12. — Rhombopora Hrgula, sp. nov. Portion of stem. X 15. 

Htam Sang. 

„ Fig. 13. — Rhabdotnewn submnmle, sp. nov. Portion of stem. > 15. 

Near 24th mikiitone on road from Taung-gyi to Along 
Pawn. 

„ Fig. lA.— Streblotrypa hirmarica, sp. nov. Portion of stem, x 15. 
Htam Sang. (A. 534). 

„ Fig. Rlrofihah^ia sp. Brachial valve. X 2. Htam Sang. 

Pt4Tf! 3.~ Fig. 1.-- Close view showing the characteristic pattern of the 
phacoidal limt^lones intcrl>edded with mudstones at 
Loilem. 

„ Fig. 2. — Panoramic view of the Silurian deposits at Loilem, with 
limestones full of pot-holes in the background. 

PL4TR 4. Calcareous growths in the Htam Sang caves. 

PL4Tlj 5.- CJeological sketch map of the country" traversed by the main road 
l>ctwccn Taunggyi and the Salween river. Southern Shan States. 
Scale 1 inch=16 miles. 

Pli4TK €. Thrust- plane in the Coal Measures. 

PLATE Fig. 1. — ‘ Rain pillar ’ weathering of the lacustrine deposits near 
Aungban. 

„ Fig. 2. — Lacustrine deposits lying on the ragged edges of the 
Plateau limestones. 

PLATE 8. Fig. 1. — Travertine dams in the Panlaung chauvg, 

„ Fig. 2. — A typical section of the Coal Measures. 

PLATE 9 ,- Fig. 1. — The Taunggyi Crag (Plateau Limestone), with the bungs- 

,. low of the CJommissioner of the Federated Shan 

States in the foreground (sinco. destroyed by fiio). 

„ Fig. 2. — Contorted shales and siltstones of the Mawsdn series cast 
of Heho. 

PLATE ir-Fig. 1. — View of the Taunggyi hills from the Yawnghwe valley. 

„ Fig. 2. — A view of the Pindaya beds (in the l>ackground). Note 
the topographical difference of the area occupied by 
the Plateau Limestone in the foreground and the 
Pindaya bods in the background. 

PLATE 11.— Geological map of the Kalaw*Taiiiiggyi area. Southern Shan States. 
Scale 1 ixich*«4 miles. 
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MATE It. — Fio. L — Biotite-granDlite, penetrated by aplite, near Nawegaon. 

„ Fig. 2. — Biotite-granulite, penetrated by aplitc, near Nawegaon. 

PLATE IS,— Fig. 1. — Normal streaky gneiss (specimen No. 42*960), Dhoria 
nala, 

„ Fig. 2. — Boitite-granulite, penetrated by aplite, near Nawegaon. 

PLATE 14 . — ^Fig. 1. — Biotito-granulito, intimately penetrated by aplite, Tundi® 
nala. 

„ Fig. 2. — Same as fig. 1, near view from above. 

PLATE 15. — Fig. 1. — Biotito-granulito, intimately penetrated by aplite con- 
taining large phenocrjnjts of orthoclaso, Tundia nala. 

„ Fig. 2. — Streaky gneiss, showing discordant patches, Telia waZa. 

PLATE 14 . — Geological map of part of the Romtek tahsil, Nagpur district (sheet 
66 0/6). 

PLATE 17.— Kamli Dhar and Giri river, from near Chandni. Height difference, 
4,760 feet. Mandhali, Jaunsar and Krol series. 

PLATE 18 .— Guma, 8,098 feet, peak from Kigali Dhar. Synclino of Upper Tal 
quartzites and shales, with vertical northern limb. Krol limestones 
on Guma. 

PLATE 18 .— Overfold in Krol D stage. View of Mangarh village, with Bharan, 
Sainbar and 6,687 feet hills in distance. 

PLATE t#, — F ig. 1. — Blaini boulder bed, confluence of Blaiai and Gambhar 
rivers. 

„ Fig. 2. — Boulder of tillite in Blaini boulder bed, Blaini river, one- 
third of a mile E. N. E. of Katiara. 

PLATE tl. Fig. 1. — Fault zone in Krol A limestones and shales, Giri river, 
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„ Fig. 2. — Steeply tilted ripide -marked Jaunsar quartzites, (riri 
river, one mile below Narail. 

PLATE 22. — Deformation of Krol A limestone and shale by flow, a (juartor of a 
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DISPOSITION US I . 

||Tn<INCj! the |M:*nod under report tlie officers of the Departiuent 
were employed as follows : 


Superifilender} , 

Dr. rj. DR P. (V)’iTKH . Kemained at headquarters till the 11th 

May, 1932. Granted leave on average 
pay for 1 month and IG days com- 
bined with leave on half average pay 

fur 14 montlia, preparatory to retire- 
ment, from the Pith May, 1932. 

Dk. tl. (’n(j<;iN IhoAVN Placed in charge of the Burma Circle 

till the Pith April, 1932. Granted 

leave on average pay for 16 days com- 
bined with leave on half average pay 

for 26 months and 1(1 days, prepara- 
tory to retirement, from the 13th April, 
1932. 

Mr. 11. C. Jones Except for a brief visit to the iron-ore 

mines of Singhbluim in January, rt- 
mained at liemlquarters till the I Ith 
April, 1932. Granted leave on 
average pay for 16 days combined with 
leave on half average pay for 13 months 
and 26 days, preparatory to retire- 
ment, from the 16th April, 1932. 

B 2 
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RecordrS of the Gtologioo^ Swtvey of Ii^ [ VoL. LXVH. 


Dr. a. M. Heron 


Dr. C. S. Fox . 

Mr. E. L. G. Clegg 


Mr. H. Crookshank 


Me. G* V. Hobson 

Rao Bahadur 
V iNAYAK Rao. 


Svperinle'i^deniS’^QOvAA. 

. Remained at headquarters in charge ot 
the Northern Circle till the 28th April, 
1932, and officiated as Director from 
the 29th April to the 15th November, 
1932. Placed in charge of the 

Northern Circle and left for Rajputana 
on the 17th December, 1932. 

. Returned from the field on the 21st April, 
1932. Placed in charge of tlie 

Southern Circle and left for Assam on 
the 19th November, 1932. 

Placed in charge of office as Assistant 
Director till the 28th April, 1932. 
Placed in charge of the Burma Circh 
and left for Rangoon on the 29th April, 
1932. Appointed to officiate as 
Superintendent from the 2nd May to 
the 24th June, 1932, and confirmed in 
that grade from the 2r)th June, 1932. 


A ssistant Superintendentb. 

. Returned from leave and resumed duty 
on the 2l8t September, 1932. Ap- 
pointed to officiate as Superintendent 
from the 2l8t September to the 15th 
November, 1932, and placed in charge 
of the Northern Circle during that pe- 
riod. Attached to the Southern Circle 
and left for the Bastar State, Central 
Provinces on the IGth November, 1932. 

• On leave preparatory to retirement. 

M. On leave preparatory to retirement. 
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AsfiisfaiU HuperinUnd- nts — contd. 

Mr. E. J. Bkad-shaw . Keturned from leave and reRiimel duty 

on the afternoon of the 20th Aiij^ust, 
19‘12. AttiMihed to llie Soutliorn 
Circle and left for ARsani on tht^ 4th 

December, 1932. 

Me A. L. CouusoN . Returned from the field on the 2Hlli 

Maich, 1932. Placed iii cliar^^e of 
offn e as Assistant Diri'clor from the 
29tli April ts) the 21st June, 1932, 

and again from the 21st S<‘pt ember, 
1932. Ap]H)inted to ofli( iate as 
Superintendent from the 12th May to 
the 20tli Sept(unber, 1932. 

Mr. D. N. Wapia . Remained at headquarters as Palaeon- 

tologist. 

Dr. J. A. Dunn . . Retnrned from leave and resumed duty 

on the 10th October, 1932. Attach- 
ed to the Soutliern Circle and left for 
Dhalbhum, Bihar and Orissa, on the 
16th November, 1932. 

Mr. C. T. Rarrkr . Continued as Resident Ceologist at Yenan- 

gyaung and Oflicial Member of 
the Yenangyaung Advisory Board. 
Placed in chargt* of the Burma Circle 
from the I3th April to the Ist May, 

1932, in addition to his otl.er duties. 

Mr. E. R. CJrr . • Returned from the field on the 12th June, 

1932. Placed in charge of office as 
Assistant Director from the 22nd June 
to the 20th September, 1932. At- 
tached to the Northern Circle and left 
for the Salt Range, Punjab, on the 4th 
November, 1932. 
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Assistant Superintendents — oontd. 

Mr. W. D. West. . Remained at Headquarters jis Curator 

of tlie Geological Museum and Labo- 
ratory. 

Mr. a, K. Banerji . Remained at headquarters. Granted 

combined leave for 8 months and 16 
days, preparatory to retirement, from 
the 16th February, 1932. Retired 
from service from the Ist November, 
1932. 

Dr. M. 8. Krisunan . Returned from the held on the 24th April, 

1932. Attached b) (he Southern 
Circle and left for Siiighbhum on the 
16th November, 1932, 

Mr. P. Leicester . Remained at Rang(K)n. Granted leave 

on lialf av('rag(* pay for J4 moutlih 
and 10 days, prcparatoiy to retirement, 
from the 27th February, 1932. 

Dr, »S. K. Chati’Erjee. Remained at headquarters. GranU'-d 

leave on half average pay for 18 months 
and 14 <lay8, j)rc[>iiratory retirement, 
from the 16th February, 1932. 

Mr. J. B. Auden . Left for the iield on the 13 th January, 

1932 and returned to headquarters on 
the 16th July, 1932. Attached to the 
Northern Circle for work in tlie 
Himalayas and hdt for the held on the 
19th December, 1932. 

Mr. V. J*. SoNX)ni Returned from the field on the 11th Juiu*-, 

1932. Left for recess in Calcutta on 
the 25th June, 1932. Attached to 
the Burma Circle to continue his work 
in the Southern Shan States and left 
for Rangoon on the 6th November, 
1932 . 
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Assistant SapcHntindmts - corujld. 

Mr, B. B. Gupta . Remainod at }ieadqiiarU?rs. Granted 

leave on averaj^o p ly for 4 months 
combined with leave on half averat;e 
]>ay for 16 months and J5 days, pre- 
})aratory to retirement, from the 17th 
February, 1932. 

Erira Assistant Sujxrintendenls, 

Dr. II, li. (‘hhibbku . Remained at Rangmm. (irant<‘d l<a\i 

on half average pay lor 14 . monih^ 
from the 2nd January, 1932. 

i)R. 1\ K. (jHoish Returned from the field on tin* 39th April, 

1932. Attailied to the NortJiern and 

B^uithern Circles for work in Brunbay 
and Madras, respe<*t,ively and left for 
the field in Bombay on tlje 18th 

November, 1932. 

1)r. M. K. »SAnNl Returne<l from the field RangtHUv on 

the 24th May, 1932. I>*dt for recess 

ir» Calcutta on th<' 31st. May, 1932. 
Attaihed to the Burma Circle and left 
for Rangoon to continue the .survey 
of the Northern Shan Stakes on the 25 th 
November, 1932. 

Mb. D. Bhaitacharji . 1^*11 for the field on the 11th Jannaiy, 

1932 and niturned to head<piarkTs on 
the 5th April, 1932. Gianttd lea\e 

on average pay for 3 months and 15 
days from the 9th May, 1932. Re- 
turniKl from h‘ave and nrsumed duty 
on the 25th August, 1932. Attaeherl 
to the Southern (firch‘ to (ontimie his 
work in the Bhaudara and Nagpur dis- 
tricts and left for tlic field on thcllch 
November, 1932, 



8 Records of the Oeologioal Survey of India. [ VoL. LXVII. 

Extra Assistant Superintendent — oontd. 

Mb. B. C. Gupta . Left for the field on the 29th January, 

1932 and returned to headquarters on 
the 1st May, 1932. Granted leave 
on average pay for 13 days. Retiurned 
from leave and resumed duty on the 
Slst October, 1932. Attached to the 
Northern Circle for work in Bombay 
and Central India and left for the field 
on the 10th November, 1932. 

Mb. H. M. Lahtri . Returned from the field on the 4th May, 

1932. Granted leave on average pay 
for 2 months and 12 days from the 20th 
June, 1932. Returned from leave and 
resumed duty on the 1st September, 
1932. Attached to the Northern 
Circle for work in the Punjab and 
left for the field on 10th November, 
1932. 

Dr. L. a. Naeayana Returned from the field to Rangoon on 
Iyer. the 26th April, 1932. Left for recess 

in Calcutta on the 26th April, 1932. 
Attached to the Burma Circle for work 
in the Mogok Stone Tract and left 
for Rangoon on the 13th November, 
1932. 

Mr. P. N. Mukerjee . Left for the field on the 9th January, 

1932 and returned to headquarters on 
the 28th March, 1932. Attached to 
the Northern Circle for work in Bom- 
bay and Central India and left for 
the field on the 10th November, 1932. 

Mb. a. K. Dkt • . Returned from leave and resumed duty 

on the 10th August, 1932. Attach- 
ed to the Southern Circle and left for 
Dhalbhmu on the 19th November, 
1932 . 
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Db. W. a. K. Christie Retired from service from tlie 10th 

October, lOIVJ. 

Artist. 

Mr. K. F. Watk iNsojs Remained at headquarirra. Granted 

U*ave on av'era^e pay for 1 i days com- 
bine<l witli leave on half .ivt‘rage pay 
for "11 months an<] (> clays, ])reparatory 
to retirement from the 1st March, 
1932. 

Assistant Curator. 

P. C. Roy . At lieadquarters. Granted leave on 

average pay for 15 days from the 6th 
January, 1932. Returned from leave 
on the 21st January, 1932. Granted 
leave on average pay from the 5th to 
the 23rd December, 1932, with 
permission to alHx the Christmas 
holidays. 

Field Colhi tors. 

V. K. N. Ayknoar . At headquarters. 

Austin M. N, Ghosh. Officiated as Extra Assistant Superin- 
tendent from the 11th January, 1932. 
Attached to the Northern Circle for 
work in the Salt Range, Punjab, and 
to collect fossils there. Left for the 
field on the 11th January, 1932, and 
returned to headquarters on the 17th 
May, 1932. Attached to the Southern 
Circle for work with Dr. C. A. Matley 
to collect dinosaurian fossils in the 
Owtzal Provinces and left for the field 
on the 2€th November, 1932. 
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Assistant Chemist. 

Mahadeo Kam . . At headquarters. Granted leave on 

average pay for 1 month and 29 days 
from the 7th March, 1932. Keturn- 
ed from leave on the 6th May, 1932, 
and remained at headquarters during 
the rest of the period. 


Museum AssistarUs. 
D. GurrA . . .At headquarters. 

A. B. l)uiTA . . At- headquarters. 


Temporary Museum Assistayiis. 

K. P. Haran . . At headquarters. jServires djs}>cTi8ed 

with from the 1st March, 1932, clue to 
retrenchment, 

M. 8. Vemkairam • At headquarters, 

2. Tlie cadre ol the Deparfnient consisUxl ot 3 iSujMTintendents 
and 10 Assistant Superintendents. 


ADMINISTRATIV13 CHANGES. 

3. Dr. L. L. Kermor continued to oflBciate as Dircc Ou* up to the 
28th April, 1932, %nce Sir Kdwin ]*ascoe on leave, and from the 
29th April, 1932, he availed himself of com- 
bined leave for six months and seventeen days. 
He was confirmed in the appointment of Direc- 
tor with effect from the 26th June, 1932. 

Dr. A. M. Heron officiated as Director from the 29th April to 
the 24th June, 1932, vice Sir Edwin H. Fascoe on leave, and again 
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from the 25th June to the 15th November, 1932, vice Dr. L. L. Fermor 
on leave. 

Mr. E. L. G. Clegg officiated as Superintendent from the 2nd May 
to the 24th June, 1932, vice Dr. A. M. Heron officiatiug as Director, 
and was confirmed in the appointment of Superintendent with effect 
from the 25th June, 1932. 

Mr. H. Crookshank officiated as Superintendent from the 21st 
September to the 15th November, 1932, vice Dr. A. M. Heron 
officiating as Director. 

Mr. A. L. Coulson officiated as Superintendent from the 12th 
May to the 24th June, 1932, vice Dr. L. L. Fermor on leave, and 
again from the 25tli June to the 20th September, 1932, vice Dr. A. M. 
Heron oflieiating as Director. 

Mr. K. \j. G. Clegg continued^ to act as Assistant Director till 
Ihe 28th April, 1932, when he was relieved by Mr. A. L. Coulson. 
From the 22nd June to the 20th September, 1932, Mr. E. R. Gee 
acted as Assistant Director, and thereafter Mr. A. L. Coulson. 

Mr. A. M. N. (diosli official (‘d as K.\tra Assistant Superintendent 
Inmi the lull January, J932 to the 9t]i August, 1932, vice Mr. A. K. 
Dcy on K*avc, and from tJie 10th August, 1933, viceVr. 11. L. Chhibber 
on leave. 

4. Sir Edwin H, Pascoe, Kt., Director, re- 
KcdrcmcMt. tired from the service with effect from the 25th 

June, 1932. 

Mr. A. K, Banerji, Assi8t>Rnt Suj>erintcndent, retired from the 
serviee with effeet lr< m the 1st November, 1932 

Dr. . A. K. Christie, tJiemist, retired from the serviee with 
effect from the Kffh October, 1932. 

5. Dr. L. L. Fermor was granted combined leave out of India 
for six months and seventeen days with effect 
from the 29th April, 1932. 

Dr. G. <le W ( otter was granted combined leave out of India 
for tine year, tlirt'e months and sixteen days, preparatory to retire- 
ment, with effect from the Tith May, 1932. 

Dr. J, Coggin Brown was granted combiuetl leave out of India 
t(>r two years, (wo inontlis and twenty-six days, prepariitory to 
retirement, with from the 13th April, 1932. 

Mr. H. t'. Jones was granted combinexl leavt^ out of India for 
oiH' year, two months and eleven days, preparatwy to retirement, 
with effect from the 15th April, 1932. 
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Mr, J). J, Bradshaw was granted an extension of combined leave 
for five months and twenty-three days with effect from the 26th 
February, 1932. 

Mr. A. K. Banerji was granted leave on half average pay for 
eight months and sixteen days, preparatory to retirement, with 
effect Irom the 16th February, 1932. 

Mr. P. Lei(iester was granted leave on half average pay for one 
year, two months and ten days, preparatory to retirement, with 
effect from the 27th February, 1932. 

Dr. S. K. Ghatterjee was granted leave on half average pay 
for one year, six mouths and fourteen days, preparatory to ntire- 
ment, with effect from the IGth February, 1932. 

Mr. B. B. Gupta was granted combined leave for one year, eight 
months and fifteen days, preparatory to retirement, with effect 
from the 17th February, 1932. 

Dr. H. L. Chhibber was granted leave out of India on half 
average pay for one year and two mouths with effect from the 2nd 
Jftnuary, 1932. 

Mr. D. Bhattacharji was granted leave on average pay for three 
months aud fiiteen days with effect from the 9th May, 1932. 

Mr. B. C. Gupta was granted leave on average pay for thirteen 
days with effect from the 15th October, 1932. 

Mr. H. M. Lahiri was granted leave on average pay for two 
months and twelve days with effect from the 20th June, 1932. 

Mr. £. F. Watkinson was granted combined leave out of India 
for two years, three months and twenty days, preparatory to re- 
tirement with effect from the 1st March, 1932. 

LfCTURESHIPS. 

6. Mr. W. D. West continued to act as a part-time Professor 
of Geology at the Presidency College, Calcutta. 

Mr. E. L. Q. Clegg continued to act as part-time Lecturer on 
Geology at the Bengal Engineering College, Sibpur, till the 28th 
April, 1932 ; thereafter Mr. A. L. Coulson filled this post up to the 
Slst October, 1932. 


POPULAR LBCrURB. 

7. A poptdax lactur^ on * Glaciers ’ was deliver^ in the Inrlian 
Museum by Mr. J. B. Auden d^ng the yefir. 
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FUBUCATIONS. 

8. The following publications were issued during the year under 
report : — 

1. Records, Vol. LXV, Part 4. 

2. Records, Vol. LXVI, Part 1. 

3. Records, Vol. LXVI, Part 2. 

4. Records, Vol. LXVI, Part 3. 

6. Memoirs, Vol. LXI. 

6. PalfiBontologia Indica, New Series, Vol. XVIII, 

7. Paleeontologia Indica, New Series, Vol. XX, Memoir No i. 

8. Palaeontologia Indica, New Series, Vol. XX, Memoir No. 2. 

9. Pateontologia Indica, New Series, Vol. XX, Memoir No. 3. 

10. Index to Memoirs, Vols. I-LIV. 

The issue of Records, Volume LXVI, Parts 2 and 3, for which 
print-off orders were given during the year has been tevoiely delayid 
on account of the Press running short of the paper upon \^hicb 
this publication is printed. 


LIBRARY. 

9. The additions to the library amounted to 3,260 volumes 
of which 1,099 were acquired by purchase and 2,161 by presenta- 
tion and exchange. 


DRAWING OFFICE. 

10. The Artist, Mr. K. F. Watkinson, was in charge of the Draw- 
ing OflSce till the end of February, 1932, and proceeded on leave 
preparatory to retirement on the 1st March. As a measure of 
economy the post was then made a non-gazetted one and filled by 
Mr. S. Ray, who held charge of the Drawing Office for the remainder 
of the year. The Drawing Office staff was reduced from 10 to 7 
as a measure of retrenchment. 

11. During the year, 99 halftone and line blocks were prepared 
for plates of the Records, Memoirs and Paleeontologia Indica, and 

^ 65 plates were printed off. 43 drawings and 

pBblUatioiis. AO r 1 / 4 . 4 . £ i 

93 line blocks for text figures, were also pre- 
pared. 

The number of geologically coloured originals received from 
officers totalled 60, while 2,343 topographioal sheets were received 
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from the Director, Map Publication, Survey of India, and 630 were 
issued for departmental use. 

12. This department was fully occupied with copying, developing 
and printing work for publications and reports. The number of 

. „ . negatives received into stock t/otalled 448, while 

Photos^rapbk Section. , " i i* • ^ i i r 

891 photograpiiic prints were made. in addi- 
tion, 72 lantern slides were prepared. 


MUSEUM AND LABORATORY. 


Staff. 


13. Mr. W. D. West continued as the Curator of the Geological 
Museum and Laboratory throughout tlie year. Babu Puma 

Chandra Roy, Assistant Curator, was on leave 
from the 5th l)ecemb(‘r until the end of the 
year. Babus Dasarathi Giiptfi and Anil Bljusan Dutt continued 
as Museum Assistants. M. R. Ry. M. S. Venkatram acted as 
a temporary Museum Assistant throughout the year, while M. R. Ry. 
K. P. Haran worked in the same capacity until the 28th February, 
when his temporary post was abolished as a measure of retrencli- 
ment. Mahadeo Ram, Assistant Chemist, was on leave from the 
7th March to the 6th May. 

14. Dr. W. A. K. Cliristie was on leave until the 9th Oetolnu 
and retired with effect from the following day. On tbe recommenda- 
tion of the Retrenchment Advisory (U)mrnittee, 
the Governipent of India dticided to abolish 

the post of Chemist upon the retirement of Dr. Christit*. 

16. The number of specimens referred to the Curator during the 
year for examination and report was 386, of which analyses, assays 
and other special determinations were made 
anJanS.M!'’'* correspoiidiiig figures for 1931 

were C37 and 37 respectively. (fbemical wwk 
included analyses of coal, limest'One, lead, silver, manganese, iron 
P)rrite8, graphite, brine, dolerite, clay, and rock specimens sub- 
mitted by *ofi&cer8 of the Department. 

16. During the year under review collections- of Indian ror^ks 

« ^ ,, and minerals were T>res<‘nU‘d l-o the following 

Denstions to Colleges, . ® 

etc. institutions : — 


ChemUt. 


1, St. Andrew’s Colonial Homo, Kalimpong. * 

2. Tho Intermediate College of Science, Bangalore, 
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3. The Hailey Collego of Commerce, Ijahore. 

4. The AxchflBologieal Department. 

5. The University College of Science, Calcutta. 

0. The Mrs. Keoki Monroe Perin Memorial High School, Jam- 

shedpur. 

In addition the following specific presentations were made : — 

1. Bauxite, to Prof. F. J. Ix)ewenflon-Le88ing, Leningrad. 

2. Desert sands, to G. R. McCarthy, Esq., University of North 

Carolina. 

3. Desert sandstone, to Prof. B. Sahni, University of 

Lucknow. 

4. Sodalite rock, to Mr. S. G. Gonlon, Academy of Natural 

Sciences, Philadelphia. 

5. Charnockite, to Prof. II. Ries, Cornell University, Ithaca, 

New York. 

0. Talchir boulder, to Prof. Buxtorf, University of Basel. 

7. Brine, to Prof. L. G. M. Baas-Becking, University of Leiden, 

Holland. 

8. Fragments of Shalka and Manegaon meteorites, to Prof. A. 

Lacroix, Paris. 

9.. Sillimanite and glass sand, to Prof. H. E. Watson, Indian 
Institute of S(uence, Bangalore. 

10. Allanite, columbite, monazite sand, zircon sand and samars- 
kite, to H. 8. S|)ence, Esq., Department of Mines, 
Canada. 

17. In addition to the large number of specimens collected by 
the oflBcers of the Department, the following important Indian 
specimens were received and incorporated in the collections of the 
Geological Survey of India 

1. Molybdenite, Tavoy-Kyankmedaung road, Burma; presented 

by Mr. S. U. Harman. 

2. Pyrolusite, Keonjhar State ; presented by Dr. E. 

Spencer. 

3. Barytes, Kurnool and Cuddapah districts, Madras ; presented 

by M, R. Ry. B. P. Sesha Reddy, M.L.C. 

4. Barytes, Gkurpos, B. N. Ry. ; pre8ent<*d by Messrs. Young 

k Co, 

5. Fossil wood, Dishergarh seam, Parlielia Colliery ; presenter] 

by the Bengal Coal Co., Ltd. 
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The following foreign specimens were added to the collection 
of the Department by exchange with the Department of Mines, 
Ottawa : — 

1. Uraninite, Ontario. 

2. Euxenite, West Portland township, Quebec. 

3. AUanite, Hybla, Ontario. 

4. Ellsworthite with cyrtolite in calcite, Hybla, Ontario. 

6. Cyrtolite with ellsworthite, Hybla, Ontario. 


18. On the 8th July, 1932, between noon and 1 p. m., a meteor- 
ite was observed to fall in the Khangpur pargana, Ghazipui dis- 

Mcteorlte trict, United Provinces, and pieces were re- 

covered from a number of villages within a 
radius of one and a half miles. The weight of the nine fragments 
recovered totals 1895 grammes, the largest piece weighing 877 
grammes. It is a stone meteorite, and a description is in course 
of preparation. 

19. In the Rangoon Office, Mr. L. R. Sharma continued his 
duties as Chemical Assistant to the Burma Circle. Up to November, 

1932, 28 specimens were received and reported 

Rangoon 0 ce. which 5 were quantitatively deter- 

mined. They included iron-ores, lead-ores and slags, copper-ores, 
and various crystalline rocks and rock-forming minerals. 

In addition to his duties as Chemical Assistant Mr. Sharma was 
responsible for the Museum collections, which, consequent on the 
removal of the office to the Old Hanthawaddy Court building, 
had to be re-arranged. Advantage was taken of the re-arrange- 
ment to check all the specimens both in store and in the show cases 


and to change all the labels. 

The following specimens were presented to the Museum of the 
Burma Branch Office during the yewr under review : — 


(A) By the British Burma Petroleum Compamy, Ltd. — (1) Shale 
with sand alternations, from the B. B. D. D. C. Well 
No. 5, Minlindaung, (depth approximately 3,000 ft.) 

(2) Core showing fissure with calcite infilteation, from 

B. B. D. D. C. WeU N. 1, Block 3S, (depth 
approximately 4,6b0 ft.). 

(3) Core containing fossil leaves, Irrawaddian series, 

Ainggyi, Magwe district. 
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(B) By the Burma Oil Company, Ltd, — (1) Sandstone core, from 
B. 0. C. Well No. 2506, Yenangyaung, (depth approxi- 
mately 2,800 ft.). 

(2) Sandstone core with shale intercalation, and 
containing carbonised fossil wood, from B. O. C. 
Well No. 2460, Yenangyaung, (depth approxi- 
mately 1,000 ft.). 

The necessary water-supply facilities have now been installed 
in the new laboratory and a dark room provided and the new accom- 
modation for the party can bo definitely pronounced as not only 
more commodious but also more convenient than the old premises 
in Dalhousie Street. 


PALAEONTOLOGY. 

20. Mr. D. N. Wadia acted as Palnoontologist throughout the 
year. N. K. N. Aiyengar, Field Collector, assisted the Palaeonto- 
logist in routine Museum work and in the determination of speci- 
mens. K. P. Ilaran, Museum Assistant, continued the work of 
cleaning, relabelling, and rearranging the Klipstein collection in the 
Invertebrate Fossil Gallery until he was relieved by A. B. Dutt, 
Museum Assistant. M. S. Venkatram, Museum Assistant, con- 
tinued routine duties connected with Palaeontology. 

21. During 1932 the following memoirs have been published in 
the PalafxnUologia Indica : — 

(1) Q. E. Pilgrim: ‘The Fossil Carnivora of India.' Vol. 

XVIII of the New Series. 

(2) P. K. Cowper Reed : ‘ New Fossils from the Agglomeratic 

Slate Sciios of Kashmir.' Memoir No. 1, Vol. XX of the 
New Series. 

(3) B. Salmi : ‘ Homoxylon rajmahalense, gen. et sp, nov., 

a fossil angiospermous wood, devoid of vessels, from 
the Rajmahal Hills, Bihar.’ Memoir' No. 2, Vol. XX of 
the New Series. 

(4) B. Sahni : * A Petadfied WHliam-sonia {W, setcardiana, sp. 

nov.) from the Bajmahal Hills, India ' Memoir No. 3, 
Vol.[XX^of^the]^New Series. 


0 
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The following pspete of palsontological interest have appeared 
in the Becords : — 

(1) ‘ Note on the supposed occiirrence of Chondes in the Kiol 

limestone near Solon by J. B. Anden. (Vol. LXV , 

Pt. 4). 

(2) ‘ Rudiste from Eastern Persia by Othmar Ktthn. (Vol. 

LXVI, Pt. 2). 

(3) ‘ Note on some Lower Pakeozoic Fossils from the Southern 

Shan States’, by F. R. Cowper Reed. (Vol. LXV, 
Pt. 2). 

(4) * On some Fossil Plants from the Parsora Series, Rewa 

by A. C. Seward. (Vol. LXVI, Pt. 2). 

(6) * Note on an Ammonite from Ramri Island ’, by G. de P. 
Cotter. (Vol. LXVI, Pt. 2). 

The following papers of pakeontological interest are in the Press, 
and are expected to be published in 1933. 

Palaeontologia Indioa. 

(1) L. F. Spath : ‘ Revision of the Jurassic Cephalopod Fauna 

of Kachh.’ Vol. IX, Memoir No. 2, Part VI of the 
New Series. 

(2) Von Huene and C. A. Matley : ‘ The Cretaceous Saurischia 

and Ornithischia of the Central Provinces of India.’ 
Vol. XXI, Memoir No. 1 of the New Series. 

Records. 

(8) Carl 0. Dunbar : ‘ Stratigraphic Significance of the Fusuli- 
nids of the Lower Productus Limestone of the Salt 
Range.’ 

(4) B. Sahni : ‘ Dadoxylon zalesskyi, a new species of Cor- 

daitean trees from the Lower Gondwanas of India.’ 

(6) B. Sahni : ‘A Fossil pentalocular fruit from PondkjhMxy.' 

22. Dr. G. E. Pilgrim, having completed his memoir on the 
Fossil Cumivora of India, is now engaged in Studying the large 
y . collection of fosSil Cavicomia from the Upper 

er e ra . T«rliariee of various parts of Indio. The re- 
sults of his studies ate expected to be poblished in the Pdtteonidoyia 
Indioa. 
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Dr. C. A . Matley, who has boeu touriiig in the Central Provinces 
since November, 1932, in charge of the Percy Sladen Trust Expedition, 
has furnished an interim report of his activities : tw o broken ribs of 
a Dinosaur and a portion of a scapula of Antarefosaurusy another 
Dinosaur, have been obtained at Bara Simla, near Jubbulpore. 

Dr. Matley has collected many remains of Upper Cretaceous 
reptiles from near the village of Pijdura, (Pisdura of the old maps) 
in the Chanda District, the locality originally discovered by the 
Rev. 8. Hislop in 1800. These include several fragments of Dino- 
saurian jaus, 86 vertebral centra, numerous ribs, broken limb 
bones, metapodials and phalanges. Over a hundred pieces of the 
carapace of chelonians have been obtained, from the surface rocks 
mostly ; but the most striking find so far is the abundance of oopro- 
lites in the Pijdura area, occurring on the surface in an excellent 
state of preservation, showing intestinal impressions. Uther fossils 
from the same locality include a fish vertebra, numerous Bullinus, 
Paludina, Lirrtnaca, Unio, etc. 

The skull of Hydaspitherium megacephaluniy Lyd., one of the most 
perfectly preserved of our types of fossil giraffes, has been cleaned 
and further developed from the hard, adhering rock-matrix, with 
the result that the anatomical details of the basal cranial portion and 
of the palatine are now better exposed. Two requests for the supply 
of casts of this fossil have been received from American Museums, 
and further similar requests are anticipated. 

Coloured plaster-casts of the fossil remains of the lately described 
Peking Man (Sinanthropus pekinensis. Black) have been received 
through Prof. Davidson Black of the Peiping Union Medical College, 
in part exchange for a complete set of coloured plaster-caste of the 
fossil anthropoid apes of India stored in our Museum. These 
casts, beautifully executed from the original fossil, form a valuable 
acquisition to the Siwalik Gallery of the Museum. 

23. The checking and re-arrangement in stratigraphic order of 
the fossil collections in the Invertebrate Gallery has progressed 

ifivertekrate* considerably during the year under review, re- 
sulting in economy of space and ready acces- 
sibility of individual specimens. The cleaning of the large Klip- 
stein collections has been finished, but the re-naming of a number 
of specimens belonging to these old collections, necessitated by 
recent changes in nomenclature of genera and species, has yet to be 
taken in hand. 
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The types and duplicates of the Jurasaio brachiopoda of Outch 
desoribed by Dr. F. L. Kitchin in Pal. Ind., Ser. IX, VoL III, have 
been returned to the Museum during the year. 

The duplicates of the Jurassic corals of Cutch, described by the 
late Prof. J. W. Gregory in Pal. Ind., Ser. IX, Vol. II, have also 
been received back, and the numerous well-preserved duplicates of 
the corals forming this extensive collection are being distribution 
to the institutions selected by Prof. Gregory under instructions from 
the Director. 

Reference was made in last year’s report to the collections of 
fossils from Persia, obtained by Dr. Pilgrim and Mr. Tipper, 
taken by Mr. E. L. G. Clegg to England for study. Out of these 
fossils, the group of Rudistae from East Persia was studied by Dr. 
Othmar Kiilm of the Natural History Museum, Vienna. Dr. Kiihn’s 
paper describing this highly interesting collection was published in 
Records, Vol. LXVI, Pt. 1, (1932). 

Mr. Clegg has submitted a paper on the Echihnoidtie of Persia, 
while the lamellibranchs, corals and foraminifera of the same collec- 
tion are being examined by Messrs. L, R. Cox and H. D. Thomas 
of the British Museum of Natural History, London, and A. G. 
Brighton of the Sedgwick Museum, Cambridge, respectively. 

The voluminous assemblage of fossils obtained from a limestone 
bed underlying the Warkali beds of Quilon, Travancore State, 
mostly lamellibranchs and gastropods, which was taken by Dr. A. K. 
Dey to England for study in 1930, has been fully worked out by him 
during his study leave. In course of his work Dr. Dey visited 
various museums in Europe for comparison and description of a 
number of new species contained in the collection. 

Mention was made in last year’s General Report to the examina- 
tion of the Neemuch fossils, found by Mr. H. C. Jones, many years 
ago, in the Suket shales of the Vindhyans of Central India, by 
Dr. F. Chapman, Commonwealth Paleontologist, National Museum, 
Melbourne. After examination of a further set of fossils from the 
shme area sent to him last year. Dr, Chapman has definitely identi- 
fied one new species of Oboldla from the collection, and has created 
a new genus Fermoria with three new species. The latter species 
are, Fermoria minima, F. tripariUa and F. gramdosa. Fermoria 
nUnima replaces Neoixdus minima announced in the General Report 
for 1931. The new species of ObcMia is 0. jonesi, Chapman. More 
material is being sent to Dr. Chapman for farther study and in- 
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vestigation of these interesting fossils, the earliest definite organic^ 
remains occurring in the rocks of the Peninsula. 

The large and interesting collections of fossils, mostly grapto- 
lites, made by Mr. V. P. Sondhi from the Ordovician rocks of Southern 
Shan States, Burma, in 1931, are being sent to Dr. F. R. Cowper 
Reed of the Sedgwick Museum, Cambridge, for examination and 
description. 

The trilobites and brachiopods found by Mr. D. N. Wadia in 
the Slate series at the base of the Palaeozoic in the Baramula dis- 
trict of N. W. Kashmir show affinities with Cambrian genera. A 
Cambrian fauna has so far not been found in Kashmir or in other 
parts of the Himalaya to the south of the crystalline axis. But 
as conclusive results as to the precise age of these fossils cannot 
be arrived at locally in the absence of sufficient material for com- 
parative study, the collection has been sent to Dr. F. R. Cowper 
Reed, whose wide acquaintance with the older Palaeozoic faunas 
from many parts of the world will enable him to settle the age of the 
fossils definitely. 

Fossil corals, foraminifera and belemnites collected by Captain 
Bomford, R.E, from North-West Baluchistan were forwarded to 
this Department by the Director, Geodetic Survey of India, Dehra 
Dun, for identification. The collection was found to include fossils 
ranging in age from Jurassic to Miocene, derived from localities 
situated either in the geologically surveyed area of Baluchistan, 
or on the probable extensions of the outcrops mapped. 

24. Prof. B. Sahni has completed his revision of the coniferous 
plants of the Gondwana flora dealing with (o) Impressions and 
Incrustations and (6) Petrifactions. They 
** have been published in Vol. XI, Pts. I and II, 

respectively, of the New Series of the Palaeontologia Indica. Prof. 
Sahni is now undertaking the revision of the fossil Monocotyledons 
of India (Pt. Ill of the Revision) — ^material for which is being sent 
to him from the Survey collections. 

In course of his examination of the fossil material taken for study 
to Europe, Mr. H. Crookshank has found, in specimens belonging 
to the Jabalpur series, fern-fronds of a species of Hausmannia ? — 
a genus not previously observed in India. The interest of this 
frond is that it is common in European floras of this period, 
but tiU recently had not been found in the Southern hemisphere. 
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Receatly Hausmannia has been found in the Antarctio, from rocks 
homotazial with the Upper Gondwanas of India. 

Dtirmg the course of fieldwork in the Punjab Salt Range, Mr. 
E. R. Gee found carbonised plant fragments within the Salt Marl 
of the following localities : — 

(i) In the Kalra Walian, about miles south of Changean- 

wali (32° 36' 30'; 72° 27' 30*). 

(ii) In the Warik Nadi, about three miles W. S. W. of Nali (32° 

2^ : 72° 20'). 

(iii) Between the Sujowal and Buggy seams of the northeastern 

end of the Mayo Salt Mine, Khewra (32° 39' ; 73 0 ). 

A new horizon including a Lower Gondwana flora was also 
discovered. The exact locality is at the junction of the two streams 
just north-east of jMjint 1850, two miles S. S. E. of Kathwai Rest 
House (32° 29': 72° 12') where fairly well-preserved impressions 

of Glossopteris, etc., and a few small laraellibranch casts, o<!cur in 
carbonaceous shales some 25 to 28 feet thick separated from the 
imderlying Talchir boulder-bed by some 9 feet of sanflstones and 
sandy shales. This horizon is considerably lower in the stratigraplih al 
sequence than the one discovered within the Productiis Limestones at 
Warcha. 

25. During the year under review, presenta- 

OMiatiMU. tion of fossils were made to the following 

institutions ; — 

The Texas Christen Vniversihj, Texas. — A small collection of 
fossils from the CardUa beaumonii beds of Sind, through 

Prof. G. Scott. . 

St. Xavier's College, Bombay.— k representative collection of 
about 160 fossils consisting of vertebrates, invertebrates 

and plants. , • ii 

Presidency CoUege, CalcuUa.—Voxa specimens of SjnrtyereUa 
presented to Mr. A. Sen» Calcutta University research 
student, through Prof. H. C. Das Gupta. 

Hailey College of Commerce, Lahore.— k small collection of 
the common genera of fossil vertebrates and inverte- 

Uni^X of Basel, Basel— k collection of fossil invertebrates 
from the Permo-Carboniferous of the Salt Range ana 
Triae of the Hunalayas, through Prof. A. Buxtorf. 
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During the year donations of fossils or casts of fossils were re- 
ceived either by exchange or by presentation from the following 
institutions : — 

Royal Sdhool of Mines, South Kensington, London . — A represcnta- 
tivo collection of invertebrate fossils from the Jurassic 
of England. (Through Prof. Morley Davies). 

Cenozoio Laboratory, Geological Survey of China atul the Dejkirt- 
merd of Anatomy, Peking Union Medical College, Pekituj, 
China. — Plaster-casts of the skull of Sinanthropus pekimn- 
sis, Black. (Tlirough Prof. Da\id8on Black). 

The following fossils were sent on loan during the year : — 

Some Fusulinids from Chitral, Afghanistan and Kehsi Mausam 
weie sent to Prof. Carl. O. Dunbar of the Peabody Museum of 
Natural History, New Haven, (Joiinecticut. 

Four types of fossil cKdiinoids belonging to each of the genera 
Sis/nondia and Plesiolampas were despatched to Mr. A. G. Brighton 
of the Sedgwick Museum, Cambridge, for study. 

ECONOMIC ENQUIRIBS. 

Asbestos. 

20. In continuation of the work carried out by Dr. C. S. Fox ^ 
in 111 JO Mr. A. L. Coulson made an exhaiistive examination of tlie 
asbestos occurrences in the PuUvendla taluk 
noordteu.M^rMr‘ Ciulclapah district. He foUowed the 

contacts between the VaitupalU limestones of 
the Cuddapah system and the intriLsive basalt and dolerite sills 
associated with them, along the strike of the rocks through the 
Anantapur district as far north as Kurnool town. Apart from the 
Bralunanapallc (14^ 25' : 78*^ 12') occuTrences, Mr. Coulson noted 
asbestos at Rajupalem (H"" 26' : 78° 31') in the Kamalapuram 
taluk and near Vcmpalle (15° 22' : 78° 28') in the Pulivendla taluk 
of the CHiddapah district ; also near Malkapuram (15° 26' : 77° 59') 
in the Dhonc taluk and Joharapuram (15° 49' : 78° 3') in the Kurnool 
taluk of the Kurnool district. None of these deposits is of the 
quality or extent of the Bralmianapalle deposits. The results 
of Mr. Coulson’s investigations will be embodied in a separate 
memoir. 

^ Btc. Qtol. Smtv. Ini., ULV, p. 34, (1931). 
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Barytes. 

27. Dr. Kriflhnan records an occurrence of barytes half a mile 
to the east of Khatangtola (22° 22" : 85° 4'), in Gangpur State, 

barely 50 yards from the Singhbhum boundary, 
aadOru!^ country rock is mica-schist striking N.-S. 

In April, 1931, when Dr. Krishnan visited 
the locality, the vein was being opened up by Mr. W. S. Young 
of Kalunga, by means of a pit. The vein is about three feet wide 
and contains some quartz. On account of staining, about 50 
per cent, of the vein material has to be rejected. The slight rise 
in ground where the vein occurs is about 100 yards long, and the 
vein may be expected to extend over most of this. The locality 
is about 6 miles N. N. W. of Jaraikcla station, B. N. Ry., and about 
a mile to the N. W. of Kolpotka (22° 21' SO"' : 85° 6' SO""), whence 
also barytes has been reported. ^ 

28. The results of Mr. A. L. Coulson's investigation of the 
barytes resources of the Ceded Districts of Madras will be published 

Cnddapah, Anantapur in thf form of a separate memoir.® 

and Kuraool districti, Mr. Coulson gives a list of 60 localities, com- 
^*^*^**’ prised of 13 in the Cuddapah district (of which 

8 are in the Pulivendla taluk), 11 in the Anantapur district (of 
which 8 are in the Tadpatri taluk), and 36 in the Kurnool district 
(of which 29 are in the Dhone taluk). Only 5 of these occurrences 
have been previously recorded. 

Most of the barytes occurs either in replacement or fissure veins 
in the Vaimpalli limestones, or in the intrusive dolerite and basalt 
sills associated with them, of the Papaghni series of the Cuddapah 
system. The origin of the barytes is discussed in full in Mr. Coul- 
son’s memoir. The result of tliis work is to show that in these 
deposits we have the largest reserves of barytes in India. One 
deposit, Kottapalle (14° 22' : 78° 21') in the Cuddapah district, is 
esthnated by Mr. Coulson to contain 30,000 tons in the first 20 feet 
of depth. A second deposit, Mutssukota (14° 61' : 77° 62') in the 
Anantapur district is estimated on certain assumptions to contain 
76,000 tons. A third, Balapalapalle (15° 27' ; 78° 6') in the Kurnool 
disirict, has been worked by a succession of concessionaires, amongst 
whom was the late Mr. A. Ghose, who appears to have been the 


^ See. OeoL Sw9. Ind., LXU, p, 31, (1929). 

* Mem. Geoi. Swrv. Ind,, LXIV, Pt. 1, (in tke prese). 
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pioneer in the development of the barytes industry in this part of 
India. The development of these deposits is, however, still only 
in its infancy and there is much scope for increased production. 
They can supply the needs of India at her present rate of consump- 
tion (just over 10,000 tons in 1931) for some years to come. 


Building Materials. 

29. Dr. Krishnan reports the occurrence of several patches of 
a light pink granite-gneiss in the neighbourhood of Jara (22° 1' ; 

Bonsi snd Gfliu^pur Bonai State. A light coloured 

Stalei, Bihar and Orisia. medium-grained granite occius near Dalripali 
(21° 58' : 83° 55') in Gangpur State. The hill near Gomhardih 
(22° 7' : 83° 54') contains a micaceous qtuiriz-schist that splits up 
into slabs some of which measme up to about C feet by 3 feet These, 
according to Dr. Krislman, are suitable for use as paving stones 
for floors. 

30. Extensive occurrence of skUe have been noted by Mr. B. C. 
Gupta in Aravallis of the Jhalod taluka in the Panch Mahals district, 

Bombay Presidency. Extensive quarries 
Panch Mahals, Bombay, have been developed about 1^ miles south of 
Jhalod town. Hoofing slates and slabs up 
to 6 feet by 4 feet are obtainable. 

31. According to Mr. A. L. Coulson Bairenkonda quartzite (a 
handsome dark red fine-grained stone from the lower stage of the 

Nallamalai series of the Cuddapah system) is 
Madru?*^^ district, Sirigepalle (14° 54' : 78° 7') in 

the Jammalamadugu taluk of the Cuddapali 
district, and is carted to places as far distant as Gooty in the 
Anantapur district for use for drinking-troughs, door-posts, etc. 

32. One of the rocks most commonly quarried for use as a build- 
ing stone in the Kurnool district is the flaggy Jammalamadugu 

limestone which is a constituent stage of the 
district* Kurnocl series. King has mentioned this use 
of the Narji limestones in the Cuddapah dis- 
trict', the Narjis forming the lower sub-stage of the Jammalama- 
dugus. Mr. A. L. Coulson noted that there is a thriving trade in 
building stones in the vicinity of Betamchcrla (15° 27' : 78° 8') in 
the Dhone taluk of the Kurnool district. The hills to the east of 


i Mem. aeoL Swre. M., VIH, Pt. 1, p. 70, (1872). 
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that large village are composed of horizontal Kumool rocks : 
fianaganpallis at the base, and then Jammalamadugus capped 
usually by Paniams. The Jammalamatlugu flaggy limestones are 
easily quarried and the hillsides in this rock from Betamcherla to- 
wards Bugganipalle contain many quarries. Mr. Coulson also noted 
abundant quarries throughout the Kurnool taluk of tlie same 
district. 


Ceramic Materials. 

33. Fireclay. — Dr. Krishuan reports the occurrence of a buff 
to light grey shale at Kipsera (21° 59' : 83° d7'} in Gangpur State. 

(hutgpar State, Bihar posses8<js good plamity and resists heat at 
and OrlfM. 1,400°C. After burning it becomes practically 

white in colour but contracts about 20 per cent, in volume. The 
shale extends for about four furlongs in a south-east direction from 
Kipsera village, the width of the exposure being about 200 yards. 

34. Kaolin <md quartz sand.—X specimen of Barakar sandstcuie 
collected by Dr. Krishnan from a spot one mile N. W. of Amatpani 
(22° 12' SO*" : 83° 39') in Gangpur State, at the liead of a steep-sided 
valley, was crushed to pass through a 60-mesh sieve and elutriated, 
giving 17*8 per cent, of fine clay and 82*2 per cent, of quartz sand. 
The clay is white and plastic and contracts by about 12 per cent, of 
its volume on burning at 1,400°C., withoutf using. It will be suitable 
as a filler because of its white colour. 

The sand recovered is found to be pure quartz with less than 
one-half per cent, of other minerals. It should be suitable for making 
glass, provided sufficient quantities could be proved to occur there. 

35. Onarizite. — A white and practically pure quartzite is ref>orted 
by Dr. Krishnan to occur in the hill about a mile west of Jara (22° 1' : 

84° 39'). It contains a few rare mica flakes 
Bihar crystals of kyanite. The crushed and 

screened rock should give quartz of high purity. 

Coal. 

36. Outcrops of coal were noted by Dr. Krishnan at several places 
along the Baisundar nala and its tributaries between Rattansara 

(22^ 4' : 83° 40') and Dulanga (21° 67' : 83° 
^ Hingir Zemindari of the Gangpur 
State. Several of the outoops wars annuned 
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by the coal mining company working at Kumpur (Bambalpur dis- 
trict), but the resulte are said to have been disappointing. 

A section containing coal seams with intercalated shale partings 
is exposed on the left bank of the Baisundar nala just al)ove its 
junction with a tributary stream north of Gopalpur (22^ 3' : 42'). 

A specimen taken from apparently the best part of this section was 
analysed in the laboratory with the following result : — 


Moiatnro • • 
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Sp. gr., 1*427 ; does not cake ; ash white. 

In the same section was found a bod, about 9 to 12 inches thick, 
composed of a mixture of granular vitrain and powdery red ochre. 
The vitrain gave on analysis : ~ ^ 

I'er cent. 


MoiKluro ........ 6*80 

Volatile niatU^r ........ 32*62 

Fixed oarbun ........ r>9*64 

AhU 0*1)4 


100*00 


Sp. gr., 1'346 ; docs not cake ; ash drah. 

37. As a result of his c.\anunatioii of the various coalfields in the 
Betul district — Souada ; Gurguuda (Suki) ; Mardanpur (Hlachna) ; 

Golai ; Dulhera ; Pathakhcra ; Bamhanwara 

Province****^***’ (west of) ; and Khapa (north of)— Dr. Fox 

considers that the only, one likely to prove 
commercially profitable is that ot Patbakhera. It is, however, 
somewhat isolated and rcquiri'S further exploration by boring. In 
the Chhindwara district the outcrops of coal measures in the northern 
tributaries of the Tawa river arc merely of interest as showing 
the coutanuity of the Barakars from the Panch Valley and Kanhan 
into those of the Betul district. It is not necessary to 


(187S). 
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^ve further details in regard to the Betul coalfields here as 
Dr. Fox has prepared a memoir (to be published as Vol. LIX) on the 
Gondwana Coalfields of India. In this memoir, in the chapter dealing 
with the Satpura region, a brief description ot each area will be found 
together with references for fuller particulars. 

Copper-ore. 

38. Mr. A. L. Coulson visited the two small quartz-veins 
mentioned by King as situated in the deep bay in the hills east of 

Somadulpilly ^ (Romayajulapullo 16® 35' : 78® IT), 
distrfch ju Kurnool taluk, and found traces of 

chalcopyxite in the nortliern vein. He noted 
secondary malachite in thin quartz- veins in trap, 1 J miles south-east 
of Kalava (lb"" 37' : 78° 12'). He did not visit the old workings seen 
by Foote in the Gummani Konda valley, which appear to be about 
2J miles south-west of Gani (15® 40' : 78® 19') in the Naudyal taluk 
of the Kurnool district, hut noted old pits for copper-ores If miles 
S. S. E. of Gani along the course of a quartz-reef, which appeared 
to be intricately mixed up with trap. Secondary malachite and azurite 
were seen. 

All these occurrences are of scientific interest only. 

Diamonds. 

39. During his investigation of the barytes and asbestos deposits 
of the Ceded Districts of Madras, Mr. A. L. Coulson frequently 

observed old diamond pits sunk in the basal 
4litrict, gritty beds of the Banganapalli group of the 
Kurnool series. Most of these pits have been 
recorded by King in his memoir of the Cuddapah and Kurnool 
systems^ ; but five furlongs S. by E. of ChennaUcapalle (16® 39' : 
18® 20') in the Nandyal taluk of the Kurnool district are some that 
appear to have escaped King's notice. The most numerous pits 
occur near the villages of Balapuram, Repalle and Yirayapalle (16® 
32' : 78® 6') in the Dhone taluk of the same district. Certain of 
these near Balapuram (16® 32' : 78® 4') are said to have been sunk 
fairly recently by the late Mr. A. Ghose. Mr. Coulson suggests tiiat 
the diamonds in the Banganapalli beds have been derived by 

1 JTm. OaoL awrv. Ind., Vm, Pt. 1. p. M-26a, (1872). 

• €hoL Bmp. Ind., Vm, Pt. 1, p. 106, (1872). 
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weathering from certain trap sills, intrusive into the Vaimpallis and 
the Cheyairs, the series immediately above the Papaghnis. These 
sills are thought to be of the same age as the decomposed basic rock 
found at the diamondiferous locality of Wajra Karur in the Ananta- 
pur district.^ This suggestion is in agreement with that of the late 
Mr. Vredenburg* that the diamonds of the Vindhyan conglo- 
merates of Central India and of the Kurnool conglomerates of 
Southern India arc both derived from basic dykes of Bijawar age 
traversing an older granitic or gneissic terrain. Vredenburg regarded 
the Cheyairs as the South Indian equivalents of the Bijawars. 


Dolomite. 

40. Dr. Krishnan reports that dolomitic marble is exposed in the 
Tiala just north of Lifripara (22'' 7' : 83® 49') in Gangpur State, for 
a length of 500 yards along tlic strike and 
and^rtm 40 to 50 yards across. Two specimens collect- 

ed from different parts of the exposure were 
analysed with the following result ; — 
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The analyses show that these are nearly pure dolomite. Some 
parts of the exposure are more siliceous. The locality is about 20 
miles from the railway, and in view of the fact that dolomite mining 
oven at places very near the railway, f.j., at Amghat (22® 15' : 84® 
37') and Usra (22® 15' : 84® 42'), has been stopped within the last 
two or three years for lack of demand, the exposure at Lifripara 
does not seem to bo of immediate importance. 

» R. Bnioe Foote, lUe. ChU. Surv. /fut., XXII, pp. 39-40, (1889); Philip Lake, 
op., olf., XXITI, pp. 6B-73; (1^). 

• Op, cU., XXXIU, pp. 280 281, (1906), 
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Engineering and Allied Questions. 

41, Dr. J. A. Dunn was asked to report on the dam-site at 
Masanjor in the Santal Parganas, where it is proposed to construct 

a dam across the Mor River close to mile 83 
BeTgtl Dumka-Suri road. At this point the 

river is about 400 feet wide and flows between 
two hills the bases of which are about 1,600 feet apart. There is an 
alluvial flat 300 to 400 feet wide on either side of the river up to the 
foot of each hill. Granite-gneiss (in part hypersthenic) crops out in 
both hills and also along either bank of the river. Dr. Dunn pointed 
out what he considered to be the most favourable line for the dam, 
and reported that the granite-gneiss will form an ideal foundation 
for a masonry or other type of structure, provided the foundations 
are taken down until reasonably fresh rock is encountered. Dr. Dunn 
recommended work to ascertain the depth of alluvium between 
either bank and the hills, the depth of sand in the river bed, and the 
depth to which the weathered granite must be removed to expose 
rock sufficiently fresh for the foundations. 

42. At the instance of the Public Health Department of the 
Government of Burma, Mr. P. Leicester reported on two reservoir 

Myifnge chiung re- «;heme8 on the Myitnge ckaung in the Mergui 
servoir projects, Mergui district of the Tenasserim division. The area 
District, Burma. ^ which the reservoir sites are situated (12° 

27' : 98° 43') lies about 7 miles due east of Mergui and was geologically 
surveyed by Dr. Heron in the field season of 1920-21. Both catch- 
ment areas lie on impervious rocks of the Mergui series, although 
an intrusion of coarse-grained tourmaline-granite about 200 yards 
broad cuts across the more southerly area about one furlong above 
the dam site. 

The dam sites examined are situated on banded and jointed 
quartzites of the Mergui series varying from a pink fine-grained 
variety to purple or white schistose varieties. Where the ground is 
well-drained, as on steep slopes and in the river ]>ed, the rock is fresh, 
but on the gentler wooded slopes it is decomposed to considerable 
depths. Tlic dip of the quartzites is downstream and the joints of 
the rocks prominent. 

Mr. Leicester recommended the abandoning of the selected site 
of Reservoir No. 1 (the more northerly) on acooimt of extremely 
soft intrusive veins of decomposed granitic rock, which gave bo signs 
of hardening in depth, but was able to select another more satis- 
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factory one free from granitic veins that would affect the stability 
of the site. 

The site selected for the dam of Reservoir No. 2 was found to be 
satisfactory; it is situated on solid compact quartzite, although a 
badly fractured quartz vein that crosses it will have to be excavated 
and the joints carefully grouted to a considerable depth. The 
obvious geological objections to the sites are the downstream dip 
and the prominent jointing ; but as Mr. Leicester points out, they 
are of minor importance and their severity is lessened owing to the 
dip being steep and the rocks compact, massive and stable, whilst 
the joints close in depth. 

43. In June, Mr. Auden and Mr. L. B. Gilbert, Executive Engin- 
eer, Kumaon Provincial Division, paid a joint visit to the Arwa 
valley in British Garhwal, in order to examine 

watTi!ll<eIl*Pro"ln?M?’ glacier which Mr. Smythe and the Kamet 

party considered might block the valley.’ A 
joint paper by these officers haa already been published in the 
Records} The glacier (30® 62' : 79® 26') was mapped, and cairns 
placed to assist those making later observations. The authors 
consider that, while there is no immediate danger of a blockage of 
the valley with the formation of a lake, the nature of the glacier is 
such that a sudden advance is possible. They recommended an 
annual inspection. 


Gold. 

44, For a long time, according to Mr. Sondhi, gold has been 
known to the local inhabitants to occur on the western slopes of the 
Mwe-daw hill-mass (20° 39' : 96° 28' 30*") which 
lies to the west of Kalaw in the Southern Shan 
States : evidence of former activity in the 
search for the metal is met to this day in the pits dug about half 
way down the slope into and along beds of marble and siliceous 
limestone, which have been altered from alrilost pure limestones 
by igneous intrusions. That the presence of gold in the soil derived 
from the above rocks was also fully known is indicated by numerous 
tailing dumps scattered over the area, where pan-washing was 
practised. 

^ fSfeogmphicdi LXXfX, «. 6, { 19 S 2 ). Conquered’ by F. S. 

Bmythe, jm. 275, 276, (193^, 

^ Hec. Oeol. Surv. Ind., LXVl, Pt, 3, (1932h 
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Just before the last European war systematic prospecting by 
modern methods was started and the dilapidated remains of four 
horizontal tunnels still exist, but unfortunately no records seem to 
either as to the extent of the work or of the persons be available by 
whom it was carried out. 

Since then, the area has been held on prospecting licence, but , 
although this has been renewed continuously, no serious effort was 
made to investigate the possibilities of its exploitation until recently, 
when Mr. E. C. M. Garrett of the Shan States Silver-Load Corporation 
Limited, Bawzaing, acquired a prospecting licence, which has b«y3n 
transferred to the Kafuo Copper Development Co., Ltd., a company 
operating in South Africa. 

At present a detailed investigation is being carried out; the old 
tunnels are being cleared ; and qualitative analyses of the samples 
taken are giving, it is reported, very encouraging results. 

In Mr. Sondlii’s opinion the origin of the gold is to be ascribed to 
the dioritic and granitic intrusions into the Kalaw coal-measure 
series. Diorite crops out in an irregular but almost continuous 
exposure from a little south-east of Mwe-daw to the latitude of liaw 
(20° 41' : 96° 27'), a distance of over four miles. It is a porphyritic, 
holocrystalline and medium-grained rock, consisting mostly of large 
phenocrysts of zoned and partially saussuritised felspar, and hornblende. 
East-north-east of Mwe-daw, a typical biotite-granitc has been foimd. 

As a result of the intrusions the limestone beds have been cither 
completely silicified or metamorphosed to marble and large quantities 
of wollastonite have been produced. The richest gold values have 
been obtained in a highly crushed and recemented fault-rock accom- 
panied by secondarily deposited silica, hematite, and malachite. 

Whether gold occurs in localised pockets or follows particular 
zones will it is hoped be made clear in the course of the detailed 
investigations now in process. 

Copper staining and pockets and si rings of malacliitc are fre- 
quently met in the gold-bearing rocks, but the data so far obtained 
are not sufficient to enable one to form an idea of the true disposition 
and extent of the ore. 

46. Dr. M. S. Krishnan was deputed, in March, 1932, to visit 
the area south-east of Sleemanabad, Jubbulpore district, where some 
zones of crushed conglomerate were being 
prospected for gold by the Bauxite and Chemi- 
cal Development Syndicate Ltd. The area 



Piwr 1 J Ornerd Report for 1932. 33 

ooonpies the southern three-fifths of sheet 64 A/6 (scale 1 inch=l 
mile). 

The rocks occurring here were originally described by Hacket as 
Bijawars (in his manuscript report for the field seasons, 1869-70 and 
1870-71), and regarded latw by myself as more appropriately to be 
assigned to the Dharwars.^ They are seen to be folded into a series of 
isoclines, the strike of the formations being E. 35® N.-W. 35®S. and 
the strike of the foliation E. 10® N,-W. 10°S. Two or more systems 
of joints are present in the rocks and especially in the conglomer- 
ates. 

Fine-grained dolomitic marbles occur in the northern part of the 
area. These dip fairly steeply towards the S. 8. E., under a series 
composed mainly of mica-schists, which occupy the greater part of 
the southern half of the sheet. Several lenticular sills of cpidiorite 
occur amidst the schists as well as in the dolomitic marbles. There 
are several prominent bands of crushed conglomerate forming ridges 
in the area. The whole series is traversed by quartz-veins of a late 
age. On the basis of general lithological resemblances, Dr. Krishnan 
agrees in regarding these rocks as Dharwarian, comparing them with 
the Dharwarian rocks of Singhbhum and Gangpur in Bihar and 
Orissa. 

The main interest in the area centres around the c onglomirates, 
because of their resemblance to some forms of banket, the auriferous 
rock of the Rand in South Africa. They vary in thickness from a few 
feet to about one hundred feet, and pinch out after some distance 
when followed along the strike. Three types of conglomerate have 
been recognised 

1. This contains large pebbles of quartzite in a fine-grained 

matrix, the pebbles being well-rounded and apparently 
water-worn. Pyrite and limonite are seen in the matrix 
but practically no chlorite. Under the microscope large 
grains of quartz are seen to be surrounded by much finer, 
granulated quartz. Effects of shearing can be s^en, but 
not prominently. 

2. This is more highly crushed and sheared than the first t)pe. 

The pebbles are composed of quartzite and also chal- 
cedonio quartz. The matrix shows quartz, chlorite, seri- 
cdte and fmuginous matter. 

» .ITifW. QtoL M,, XXXVIJ, p, 805, (1909). 

X> 
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3. This occurs only in a solitary exposure about twenty feet 
thick, near Bhadanpur (23^ 34' : 22 ') and shows 

pebbles of dark grey banded iron-gfltM^ite in addition 
to ordinary quartzite. 

In the first type at least, the sedimentaSp||||p^ of the pebbles 
is ^ear. Evidences of crushing and shearing^Se seen in all, and 
particularly in the second type. Dr. Krishnan visited several sec- 
tions of the conglomerates in company with the mining engineers 
who were conducting the prospecting operations. At the time of his 
visit, a large number of assays of properly taken samples had been 
made for determining the gold content of the conglomerates and a 
few other rocks of the area. These gave, in general, gold values 
ranging from 0-2 to 0-8 dwt. per ton. There is little evidence of 
sulphide mineralisation in any part of the area. The veins of bluish 
quartz gave, however, gold values up to 3 or 4 dwts. per ton ; but 
these are so sparsely and sporadically distributed that they are not 
likely to yield commercially workable quantities of ore. The uni- 
formly poor assay results of the conglomerates indicate, in 
Dr. Krishnan’s opinion, that the gold content is a primary constituenl 
of the original sediments and is unconnected with any later minerali- 
sation. Though the prospecting operations have opened up only 
the weathered zone, it is thought that the prospects are poor for any 
enrichment of gold content with depth. 


Gypsum. 

46. Mr. Auden records the presence of gypsum in the Krol 

limestones in the following localities : — 

SfnmiJ' State, Puniab. ^ 

(1) Bhaunrari (SO® 47' : 77® 14') in Krol D limestones, in jxKjkets 

probably due to replacement. 

(2) Ridam (30® 33': 77® 45') in Krol A limestones, in bedded 

form and probably an original deposit. 

^pebifio gravities of the materia! from Ridana show that some 
of it is an admixture of gypsum and anhydrite. 

These deposits are very nnall, and most certainly do not deserve 
ex|»]oitation. 
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Kurnool 

Madrai* 


Iron-ore. 

It is inter^M|B|^drecord that attention has latterly been directecl 
to the ^ occurring along the course of his 

M , C funnvgull fault^ in lands belonging to the vil- 
of Veldurti (16^ 33' : 77" 5C') iu the 
Dhone taluk of the Kurnool district. Between 
2,000 and 3,000 tons were excavated and left on the surface of the 
plot by a licensee in 1925 and the stock became the property of 
Government. A sample of the ore forwarded to the Geological 
Survey of India for analysis contained 59*12 per cent, of iron and 
16*32 per cent, of silicy. The same [ lot has bt‘cn grante d to another 
applicant. 


Lead-ore. 

48. About a mile to the south-east of Sargipali (22" 3' 30" : 83" 56') 
and just to the north of hill 1254, Dr. Krishiian noteil a trench 

which is about a mile long, 60 feet wide and 10 

and OHs"/ ^ nearly E.-W. trend, 

which corresponds approximately with the 
strike of the mica-schists forming the country ro<‘k. The original 

depth of the trench must have been much greater, tvs much of the 

dumped material at the sides has slid back into the trench. Neither 
the villagers nor the State authorities have any knowledge of the 
history of the trench, which undoubtedly indicates some former 
mining activity. Specimens collected fiom th(? dumps showed the 
presence of galena, some malachite, and a few small crystals which, 
on testing, proved to be pyromorphite. 

In March, 1932, Mr. H. D. Christian, the Superintendent of 
Gangpur State, had three pits put down at selected points in the 
trench. One of these, which reached a depth of 21 feet below the 
floor of the trench, revealed mica-schist veined and impregnated 
with galena. A sample of this rock, assayed in tlie Geological Survey 
Laboratory, gave 4*39 per cent, lead, 015 per cent, copper, and 22*2 
dwt. Silver pel» ton. Indications of a possible second vein about a 
quarter of a mile to the north were seen in the form of a few lumps of 


» Mem. Oeol. 8urv. /arf., VIIl, Pt. 1, pp. 277-27S, (1872). 
fUc, Oed. 8urv. Jnd., LXVJ, Pt. 4, pp. 441-443, (im). 


also A. L. Coulscn, 

n2 
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cerussite, with sometimes a core of galena, obtained from prospecting 
pits. 


Manganese-ore* 

49. Mr. B, C. Gupta in the conrse of systematio work in the 

Panch Mahals and Jliabua State noted two smt^ occurrences of 

Panch Mahals, Bom- ^aangai^^se-ore associated with phyllites of 

bay, and Jhabna State, Aravalli age. The first of these Ues about 

Central India. g ^ j 

Railway. The ore consists of pyrolusite, psilomelane and wad. 
The other occurrence is near Mandli (22° 67' : 74° 26') some four miles 
further N, N. W., which is the direction of the general strike of the 
phyllites. At Mandli the bulk of the ore consists of massive psilo- 
melane, but crystalline aggregates of braunite and hollandite with 
rhodonite and piedmontite (?) also occur. The ore body is irre- 
gular in its occurrence and no estimate of the amount of ore accessible 
for exploitation has been made. Mandli is only some four miles 
W. N. W. of the well-known deposit of Kajlidongri in Jhabua 

State. 


Mica* 


60. ‘ Books ’ of muscovite not exceeding two inches in diameter 
were noticed by Dr. Krishnan in veins of pegmatite west of Tangar- 

munda (22° 6' : 84° 21' SO*"), Gangpur State, 

StotM *5“har and OrlMa! of Potataogar (22° O': 

84° 33'), Bonai State. These seem to be too 
full of flaws to be of commercial value. 

61. During the year prospecting for mica was carried out by 
Mr. J. T. 0. , Barnard in the Putao district of Burma. This country 

Puteodlatricf.Bunwi. geologicaUy mapped but a tra- 

verse was made though it by Dr. Murray 
Stuart.^ The pegmatitcfs that carry the mica appear to be associa- 
ted with the granite maas mapped by Stuart about 10 miles due east 
of Fort Hertz. In the course of prospecting Mr. Barnard collected 
about 11 lbs. of mica of saleable though low grade. Big books of 
mica do occur,* but those found up to oo^r have all been very much 
strained and of no economic value* 


t 


^ fee. Oeol. 8urv. Jnd., L, p, 241, (19J9). 
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Ochre. 

62. A thin bed composed of a mixture of granular vitrain and 
powdery red ochre is found, according to Dr. Krishnan, in the upper 
part of the coal section in the Baistmdar ruila 
and^ifnM^ ^*****^ junction with a tributary north 

of Gopalpur (22° 3' : 83° 42') for a mile east- 
wards to a point south of TUdipara (22° 4' : 83° 44'). The thickness 
of this bed varies between 9 and 12 inches. The exposures extend 
from the bank of the nala for about a furlong northwards, the dip 
of the bed being about 15° towards the south. In the weatherefl 
portions the ochre is orange-red in colour, but freshly broken lumps 
show deep cherry-red colour. The quantity of the ochre is good, 
as it compares well with the standard No. 4 ochre of the Shalimar 
Paint, Coloui* and Varnisli Co. 

Dr. Krishnan estimates that about 14,000 tons of ochre are 
available in this deposit, and possibly much more. An easy process 
of separation of the ochre from the vitrain should be feasible, the 
specific gravities of the two constituents being 3*65 and 1-346 
respectively. 


The vacuum problem. 


Petroleum. 

63. Mr. C. T. Barber remained in charge of the office of Resident 
Geologist, Yenangyaung Oilfield, throughout the year. Among the 
subjects on which he gave advice was the 
Yenlnjyrung Sw!*‘’ q’lestion of increasing the vacuum appUed to 
wells in the Reserves of the Yenangyaung 
field. A similar proposal in 1928 was rejected by the Warden of the 
oilfields on the grounds that while the application of vacuum had 
increased the production of oil from certain 
portions of the field, yet, owing to its tendency 
to vitiate the results of the maintenance and restoration of pressure 
in adjacent portions of the structure, it had not been established that 
the application of vacuum had increased the ultimate production of 
the field ; and farther, that the increased production of gas under 
the application of vacuum was not conducive to an increase of the 
total ultimate production of oil from the field, but was probably 
having tl|e opposite effect. 

The fundamental oonoeptions of the mechanism of the movement 
of > oil through porous reservoirs and of the importance of the con- 
servation of the energy of e3^>anaion have undergone little change 
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sinoo that time, and much of the discussion of the theoretical aspects 
of the subject have been recapitulations of the views expressed by 
the interest^ parties in 1928. The most impofrtant of Ihe new 
arguments advanced by the appellant companies are connected with 
the enhanced depletion of the known sands in the Reserves, the 
decreasing influence of gas in bringing oil to the well, and the 
concomitantly increasing importance of gravity as a factor in 
production. In addition, the effect of the application of vacuum 
on the production of wells in the Reserves, since its systematic 
application in 1923, was much more thoroughly ventilated than 
in the discussions of 1928. 

As a result of lengthy discussion and consideration of these sub- 
jects the Warden found — 

‘ (a) that the bulk of oil production in the Reserves and their 
borders is actuated mainly by gravity ; 

(6) that there is no theoretical reason why vacuum should not 
have the effect of assisting gravity in the movement of 
oil by the lowering of resistance to such movement ; 

(c) that the graphical evidence submitted and discussed justifies 
the conclusion that existing vacuum has had a substan- 
tially beneficial effect on overall production in the 
Twingon reserve and its border ; 

{d) that the increase in vac*uum for which application has been 
made does not present a menace to pressure conditions 
in those portions of the field adjacent to the Reserves 
and their borders ; 

(e) that the increase in vacuum for which application Las been 
niade cannot be regarded as a potential cause of serious 
operating troubles.' 

1 he Warden concluded that these findings were sufficient to 
justify the removal of his predecessor's prohibition of increased 
vacuum in the Reserves. His order permitting an increase in 
vacuum from 6 to inches of mercury on and after the 10th 
of October, 1932, and to 10 inches on and after the 10th April, 
1933, is the subject of an appeal to the (Commissioner, Magwe 
Di virion. 


54. The Resident Geologist c>ollaborated with the Warden of ttie 
c41firids in the rcvisioii of the general mders of tlie Warden. The 
most important of the objects which it was 
sought to achieve by tile piKom^garioii ^ new 


C^ttWfleltheOUlield* 
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orders were: — the protection of gas sands from contamination by 
water, the prevention of the penetration of high pressure sands by 
wells which are not suitably equipped, a more complete control over 
the plugging of wells, and the prevention of the intentional drilling 
of inclined holes. In addition to the inclusion of new or modified 
orders on these subjects, the codification of the orders has been 
simplified and a modified system for the submission of reports has 
been instituted with the object of rendering the requirements less 
onerous to the operators, but at the same time enhancing the value 
of the reports. 

66, Several confidential reports were submitted on the nw^asure- 
ment and assessment to royalty of natural gas and on various 
]jroblems CA>nu(H t(Ml with len.'^ing. 

56. In connection with his work on the natural gas resources of 
Burma, Mr, Barber ma<lc a di‘tailed survey of the deep test wells 

that have Ixon drilled in Burma, and his 
Burma *^*^**“*^'^®* conclusions will be embodied in a memoir on 

that subject. 

57. With the co-operation of the Burmah Oil Company, the 
Iiulo-Burma Petroleum Company, Ltd., and the British Burma 
Petroleum Company, Lid., and in response', to a request from the 
Direefor of Civil Aviation for information coneerning possible sources 
of supply of helium in India and Burma, five Siunples of natural gas 
from tlu' YenaT\gyaung. Singu, Indaw and Pyayc fields were forward- 
ed to the Indian Institute of Beh'nce lor analysis, (including the 
estimation of the helium content). The results of the analyses are 
awaited with great interest. 


Salt. 

58. At the cud of tlie field-season, with a view to advising the 
authorities of the Northern India Salt Revenue Department regard- 
ing the probable extensiem of the seams of 
Kliewrii, P^/ab. rocksalt to the cast of the present wiuking^^, 

Mr. E. R. Gee carried out an examination of 
the Mayo Salt Mine, Kliewra (32" 39' ; 73^ O'), Punjab. 

He notes that the sequence of seams exposed within the present 
workings include, in descending order, the following ; — 

North Bu 0 gy saWW^relativaly . poor quality salt, 20 to 30 feet 
thick* 
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Buggy seam — good salt with several thin' 
kaUar bands ; total thickness 100 to 
120 feet, but thinning somewhat in 
the eastern part of the mine. 

Sujowal seam — good quality salt, 20 to 
80 feet thick, also thinning in the 
eastern workings. 

Upper Pharwala seams— two seams of variable thickness and 
qu^ty, usually not more than 30 to 40 feet in individual 
thickness. 

Middle Pharwala seam — ^represented by poor salt and marl in the 
western part of the mine, but occurring as a 70 to 80 foot 
, seam of good quality salt in the eastern workings (Cham- 
bers 12 to 24). 

These seams are separated by bands of marl, which, considering 
the nature of the deposit, arc veiy constant over wide areas. The 
beds dip, in general, to the N. N. W., but flatten out in the southern 
and eastern parts of the mine ; whilst in the extreme eastern workings 
there is evidence of their forming a low anticline pitching gently 
towards the £. N. £. 

The present workings in the Middle Pharwala seam — about which 
seam in particular advice was required — extend to Chamber 24, where 
the seam, of good quality, includes one or two lenticular bands of 
marl Mr. Gee suggests timt to the east of these workings, at least 
as far east as Chamber 30 and probably to Chamber 35, along the 
continuation of the line of the South Pharwala tuxmel and for several 
hundred feet to the north, this seam will remain flat or with a gentle 
northerly dip. He observes, also, that an easterly pitch — ^particularly 
around Chambers 27 to 28 — will probably cause the seam to occur 
below the level of this tunnel m the eastern part of its continuation. 
Provided, however, that the quality of the seam remains good, a large 
area of workable salt should be available. 


These two seams run 
together in the west- 
ern part of the 


Sapphires. 


59. On his return from Gilgit, Mr. Wadia had an opportunity of 
examining the collection of min^als and rocks obtained from the 


Kuiunir Slats. 


sapphire-mines area of Padar (33^ 27' : 76^ 
23'), Zanskor district, Kashmir, by the officers 


of the Kashmir Mineral Survey. These mines are situated on the 
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south flank of the Zanskar range at a distance of about 120 miles 
south-east from the Burzil pass, along the main tectonic strike of 
these mountains. The latest published account of the sapphire 
deposits of Kashmir is by Mr. C. S. Middlemiss^, according to whom 
cit,, p. 13) the sapphires occur in lenticles of kaolinised pegmatite, 
enclosed in, or intrusive in, very much larger lenses of actinolite- 
tremolite-rock, which are probably local modifications of associated 
crystalline limestone strata ; and these last occur interbedded with 
biotite-graphite and hornblende and gametiferous gneisses. Accord- 
ing to Mr. Wadia the specimens of these rocks seen in Srinagar 
contain all the types characteristic of the Salkhala series in the 
Bashenganga and Kaghan areas, as well as in the Burzil valley. 
Although an intimate complex of hornblende-granite and crystalline 
limestone, resulting in tremolitic and actinolitic marble, is often 
observed in the higher reaches of the Kunhar valley of Hazara, 
especially in the Buta Kundi and Barawai (Jora) side tributaries, 
Mr, Wadia has not yet succeeded in definitely detecting corundum 
in that tract, probably because pegmatites similar to those of Padar 
have not been found. The results of the investigations of the 
Kashmir Mineral Survey, however, in an otherwise exactly parallel 
system of rock formations justify, in Mr. Wadia’s opinion, the careful 
prospecting of the more heavily granitised parts of the Salkhala zone 
of the Ku^ar valley in Eaghan and adjacent parts, north of latitude 
34® 64', in the hope that corundum-bearing pegmatites may be 
discovered. 


Sulphur. 

60. Within the Mandiwala gorge, about half a mile north of Salt 
Chauki, three miles north of Kund (32® 26' : 72® 13'), Shahpur district, 
massive iTTPsmn with associated dolomite and 
* * ' ’ bituminous shale, occurring in the upper part 

of the Salt Marl series, crops out at the base of the western slopes* 
This vertical grey and white gypsum was noted* by Mr. E. R. Gee to 
contain numerous crystals of iron pyrites, and bx)m the gypsum 
flowed a spring of clear water char^ with sulphuretted hydrogen. 
Oniis luring depoeitB very small amounts of ]rellow sulphur in the 
vicinity. 


^ * Predoiw and Semi-FredoiisUeiiMitom of J«ixmiu and Kaahmir,* MinenJ Survey 
Beporit, Jammu and Kashmir Qoveiumenl» (1931). 
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Water. 

61. The water-supply of the eastern parts of the Salt Range, 
included within the Jhelum district, has been discussed in previous 
ycars\ In the course of systtmatic fii^ld-work 
Ka^c!^Piwiab!” during the past season Mr. E. R. Gee con- 

tinued his investigations westwards into the 
Shahpur district as far west as thi' area around and north of Jabbi 
(32° 24' : 72° 6'). 

He observes that in the case of the upland alluvial areas around 
Tail (32° 38' : 72° 28') and Bhadrar (32° 39' : 72° 30'), tlic supply 
from wells is fairly good. In the western part of tliis area a number 
of wells taps a permanent supply at a depth of about 40 to 60 feet, 
though in the eastern portion — around Bhadrar — the water-table is 
at a greater depth, about 7 to 80 feet, wliilst at Dheri (32° 38' : 
72° 30'), on account of an inlier of Salt Marl in the vicinity, the 
water of one well was saline. Ho suggests that further supplies of 
good water would be obtained witliin the above-mentioned depths 
in the centres of these alluvial upland valleys. Suj)plics are similarly 
obtained from the alluvium and the Kamlial stmt a in the vicinity 
of Jaba (32° 38' : 72° 22' 30"). 

To the west on the Chamil plateau, the few small villages that 
eidst, obtain their supplies either from artificial tanks or from the 
springs within the Nai’sliinghphoar gorge to tl.e south. Small 
supplies, (?) perennial, might be obtained from wells sunk within the 
patches of alluvium in the vicinity of the-se villages ; but the main 
water reservoir is the lower portion of the Nummulitic Limestones 
which form this plateau. These limestones are at least 
300 feet thick, so that deep borings would be necessary. There is 
little doubt, however, that such bore-holes, if of wide diameter, 
would yield a good supply, probably under at least sub-artesian 
conditions along the southern part of the plateau. 

Further west at Sodhi (32° 36' : 72° 16'), good water from the 
lar^e spring just south of the village is plentiful whilst wells sunk 
in the alluvium of the vaUey to the east and west of the village 
obtain a supjdy at BK>derate depths. The valley of Kalial (32° 33^ ; 
72° 18') is supplied by wells sunk in the alluvium in tihe western 
portion of the area, but the actual requirements of the village appear 
to be met either from large artificial tanks or from a spring arising 


1 Mtk Q€oI. 8urv. Ind., hXUl, pp. 76-77, (IMS ) ; LXVl, pp. 77-70* (IMS). 
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out of the Nnnmiulitics to the south. Triri (82° 82' : 72° 16') is also 
supplied from tanks, though water is also available over a large part 
of the year in the gorges to the south and east. Wells sunk in the 
alluvium of the Khura (32° 32' : 72° 13') and Sodhi Bala (32° 29' ; 
72° 10') areas meet the needs of the villagcis and arc used for irriga- 
tion: springs also exist in the neighbouring hills. 

The requirements of Jalhar (32° 6' : 72° 16') are satisfied from 
relatively shallow wells sunk in the alluvium not far from the lake, 
and there is no doubt that, by excavating deeper wells to the south 
and east of the village, water for irrigation purposes would be avail- 
able. The small villages on the plateau between Jalhar and Jabbi 
(32° 24' : 72° 6') obtain their supplies cither from large artificial 

tanks or from local springs arising usually out of the Productus or the 

Nummulitic Limestones. 

In regard to the larger villages situated on the edg(‘ of the plains 
just south of the Halt Kange, Mr. Gee notes that the* position is 

more critical. It is not nirnh a qucMion of (btaiinng wjtci, bal 

of obtaining water W'hich is non-saline and fit for human consump- 
tion. Wells sunk in the alluvium a short distance south of the 
Range arc ahnost certain to strike water at moderate depths, but it 
is equally certain that ui the case of the present villages — situated 
as they are near the alluvial fans of large gorges whieh drain saline 
scarp slopes — , the water will be saline. This was found to lie so 
in the case of a well at Kalha Masral (32° 31' : 72° 26'). 

At Katha Masral (and the adjoining village of Katha Saghral), 
Malwal (32° 30' 30" : 72° 22'), Mohra (32° 26' : 72° 17'), and Kund 
(32° 26' : 72° 13') efforts have, therefore, been made to tap the 
supplies of fresh water in the gorges that intersect the scarp to the 
north of these villages, above the outcrops of the Salt Mark Mr. 
Gee considers that this is the only satisfactory solution of the prob- 
lem, though he points out that the methods at present in use arc 
distinctly primitive. The water is usually carried in a very kudiha 
mud drain along the side of the lower reaches of the gorges and across 
the bouHej alluvium area to the south. Breaches are, needless to 
say, very frequent during periods of heavy rain, and in addition, 
the water is alwrays liable to contamination. A more efficient 
system fa adopted at Kund, and in the case of the villages in the 
vteinity of the Khudiab-Kund road, the water being carried in 
masonry drains or in pipes from its source within the gorges to the 
nortb. 
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Further west at Sikriala (32® 24' : 72® 10'), and to the south, 
the needs of the villages are usually met from large artificial tanks. 
It is unfortunate that the fresh-water springs of Nara (32® 26' ; 
72® 9') cannot be piped down the gorge for use in these villages. At 
Chenki (32® 23' : 72® 7'), a shallow well, sunk in the bed of the gorge 
a short distance to the north, supplies the inhabitants ; whilst at 
Jabbi, the perennial springs a short distance north of the village are 
used. The water of the Kohad gorge is saline in the vicinity of 
Kohad (32® 27' 30" : 72® 7' 30"), but further downstream, at least to 
within 2 miles of the gorge exit, it is apparently fit for human con- 
sumption and efforts have been made in the past to construct a 
kudhha drain over the saline southern reaches of the gorge. 

62. In advising the authorities of the Northern India Salt 
Revenue Department regarding the question of a well for the purpose 
of augmenting the present supplies of water in 

(^2° 39': 73° O') 
Mr, Gee suggested the excavation of a wide 
diameter well in the faulted synclinal of Nummulitic Limestones in 
the gorge-bed just south of the reservoir. 


Three CIrclee. 


OBOLOaiCAL SURVEYS. 

63. As a result of retrenchment in the Geological Survey of 
India the total staff of gazetted officers has been reduced from 36 
to 24. After allowing for officers detailed for 
headquarters work and the Besident Geologist^ 
Yenangyaung, the effective field staff has been reduced from 30 to 
18 without allowing for officers on leave during the field season. 
Owing to the reduction of the number of Superintendents to three 
the former grouping of officers in the field into 5 parties has had to 
be modified into t^ee, and as tiie field of operations of each party 
is now a very large one it is convenient to use the term Circle, de- 
scribing the three circles as the Burma Circle, the Northern Circle 
and' the Southern Circle. The terms Northern and Southeto Circle, 
are self-explanatory and the boundary between them will vary in 
position according to. convenience. At present wcsdc is in progress 
in tiie North-West Frontier Province, the Punjab, Bajputana, 
Northem Bombay and the United Provinces in the Northern Circle; 
l^ul in the Oentsal Provinces, Bihar and Orissa, Bengal, Assam and 
^ IfadrM Presiid^ioy in the Southern Ciible. 
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64. During tiie field season 1931*32, the Bnims Circle consisted 

of Dr, J. Brown (in charge), Messrs. C. T. Barber, P. Leicester 

and V. P. Sondhi, and Drs, M. R. Sahni and 
nnna rce. Coggin Brown proceed- 

ing on leave preparatory to retirement at the end of the field season 
Mr. E. L. 6. Clegg took over charge of the party. 

65. Dr. Sahni continued the survey of the Northern Shan States, 
finishing sheets 93 E/15, and 93 B/14, except for a small area in 

„ „ the north-eastern comer of the latter sheet. 

Nortbera Shan States. _ , , , i. j. no 

In addition he commenced work on sheet 93 

E/9, mapping the greater part of the area to the west and south 

of Namkhan (23° 60' : 97° 41') and to the south of the river Shweli, 

thus extending the area surveyed to the Chinese frontier. 

The following formations were met with, the Chaung Magyis 
being intruded by an enormous mass of granite : — 


Jnrassio 

Deyonian- Permian (?) 
Silurian 
Ordovician . 
Pre-Cambrian 


Namyau series. 

Plateau Limestone. 
Namahim sandstone. 
Kaungkangyi sandstone. 
Chaung Magji series. 


The Chaung Magyis are the oldest sedimentaxy rocks mapped in 
the area and consist mainly of unfossiliferous quartzitic sandstones. 
They may be of Cambrian or Pre-Cambrian age^ being usually re- 
garded as the latter. 

Ordovician rocks occur along the axis of a dome-shaped inlier 
about six miles 8. S. W. of Eutkai (23° 27' : 97° 67'). They consist 
of yellowish brown sandstones and lenticular bands of limestone, 
and Dr. Sahni notes from these beds the occurrence of the following 
forms suggestive of a Lower Naungkangyi age : — 

Rafinesquina imbreXy Calymene UumeTAachi, AristocysUs dagon, 
Onhis sp.y CyathophyUum f ap, 

Overljdng the Ordovician rocks in the same inlier are SUurian 
quartzitic sandstones of white or greenish grey colour weathering to 
a purplish brown. No fossils were found in these beds and their 
age is surmised purely from stratigraphical considerations, as they 
are Ov^kin b) dolomitic limestones of presumed Devonian 
age. The dolomitjo limestones are the most extensive formation 
in the area surveyed and probably comprise the Devonian and 


« Mtm. OwL 8urv. Jnd., XXXIX, pt. S, pp. (1913). 
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Antimoolitiiio fomatioiis ; they are everywhere anfoaeUiferous and their 
age has been based on their litboiogioal and stratigrapliioal relations. 
Dr. Sahni believes that only the lower part of the Plateau lAtneskme 
formation is represented, as no normal crystalline limestones such 
as iatm the upper division of the Plateau Limestones elsewhere in 
the Northern Shan States were found. 

The most reomtt rocks of the area are a series purple sandstones 
and grey shales with interstratified bands of argillaceous limestone. 
The sandstones are invariably unfossiliferous, but the shales are 
occasionally and the limestones nearly always fosniliferous. Among 
the genera found in these beds are Holeothyris and Bttrmirhynchia ; 
the beds may accordingly be correlated with the Namyau beds 
of La Touche, which, according to Bnckman, are of Bathonian age. 
Species of Odrea, Pecten, Thracia, Cardium and Protoeardium are 
also very numerous. 

Finally Dr. Sahni notes the occurrence of an extensive mass of 
granite intrusive into the Clmung Magyi series. The granite is a 
normal muscovite-biotite granite with orthoclase felspar and varies 
in texture from coarse- to very fine-grained. 

C6. Dr. Coggin Brown and Mr. V. P. Sondhi in studying the geo- 
logy of the country between Kalaw and Taunggyi in the Southern 

Oh c Shan States brought to light some new and 
southern Sh«n Ststw. regarding Shan States geology 

as a whole. They found that the Lower Palaeozoic succession was 
more complete and widespread than its homotaxial equivoltmt de- 
scribed by La Touche^ in the Northern Shan States. The lithological 
characters of the rocks making up the succession were also found 
to be more varied, whilst some of the faunas ooUected were found 
to be not only new to the Shan States but to the whole of Asia. 
The Upper Plateau Limestone is also better displayed and yields 
more varied faunas in this area than in the north. 

On the other hand some of the important rock groups of the 
Northern Shan States such as the Chaung Magyi series, the Nam- 
shim sandstones and the fostiliferous Namyau ames are absent in the 
south. 

In view of 4hese important differences Dr. Ooggin Brown consid- 
ered it advasable to make an extended reconnaissance traverse 
eastwards as far as possible across the general strike of tiie rooks, 
in mrder to arrive at a workable classification of the rock sec^uenoe 
* Itm. OM. Smre. /uh, %XXIX. Ft. 2, (1»13), 
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of the Southern Shan States. Half the working season was there- 
fore spent by Dr. Brown and Mr. Sondhi in making joint traverses 
from Taunggyi to the Salween, a distance of about 175 miles, and 
from Loilem (sheet 93 H/9) to Mawkmai (sheet 93 H/12), a distance 
of about 72 miles, together with a few other minor traverses. The 
results of their labours have been incorporated in a joint paper and 
will appear in due course in the Records of the department. 

C7. On the completion of the above traverses Mr. V. P. Sondhi 
re-surveyed a portion of sheets 93 D/10 and 93 D/14 previously 
carried out by the late Mr. F. W. Walker, and mapped the un- 
finished portion of 93 D/10, which includes the difficiilt countr}" on 
the summit of the Shan scarp west of Kalaw, and also a portion of 
sheet 93 H/1 west of the longitude of Taunggyi. Revision of por- 
tions of sheet 93 D/14 were necessitated by the considerable advance 
in our knowledge of the various Southern Shan Statea limestone 
formations, arising from detailed mapping in the Heho area and 
numerous fossil discoveries during the last two field seasons. The 
rocks forming the Thamakan range on the west and the Ileho range 
on the east, respectively, of the Heho plain were mapped by Mr. 
Walker as Plateau Limestone ; but discoveries of Lower Paleozoic 
fossils in the Heho range and its northerly and southerly extensions 
proved it 1o be considerably older than the Plateau Limestone of 
the Thamakan range. Mr. Sondhi successfully separated the two 
formations where the two ranges join south of Heho, on a litho- 
logical as well as palfleontologieal basis, and discovered three Lower 
Silurian graptolitio horizons and an Upper Silurian TentaculUes hori- 
zon near the junction. 

The hill-station of Kalaw is built on a deposit of arenaceous shale, 
sandstones and coarse calcareous conglomerates. Except for the cou 
glomerates, which when fresh and rich in limestone pebbles are grey, 
a persistent brick-red colour pervades the entire deposit, to which 
colour they owe their designation of ‘ Red Beds \ 

These beds occupy a narrow longitudinal basm on a N.N.W.- 
S.S.B.' strike in the Loi-an series of coal measures, on which they 
are unoonfonnably d^K^ted ; they are as a whole much coarser 
in character than is apparent from a study of the few exposures in 
^Kalaw itself and are composed for the greater part of thick l)cda 
of conglomerate with int«rbedded shales and sandstones. 

The western boundary of the Red Beds and Coal Measi^ee 
follows the strike of the looks along the crests of a system of hill 
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ranges, oonglomerates forming the eastern portion of the hills, and 
light sandstones and shales of the coal measures the western flanks. 
l%e best sections of the latter rocks are seen in the railway cuttings 
between Sintaung and Myindaik stations and particularly between 
the two tunnels near the highest levels crossed by this branch of 
the Burma Bailways. 

Near the western limit of the Goal Measures three persistent 
beds of limestone are interbedded with shales, their northerly ex- 
tension forming the western slope of the Mwedaw hill-mass where 
they are highly altered and mineralised by an igneous intrusion. 
The Coal Measures are bounded on the west by a strong well-deve- 
loped hill-range of Plateau Limestone capped by the sharp, rugged 
and towering crags so familiar to the railway passenger between 
Lebyin and Sintaimg ; they re-appear again, however, on the west 
side of this limestone range. 

68. Dr. L. A. N. Iyer on his re-transfer to Burma continued 
the mapping of the Shwebo district from where he left off in the 
field season of 1929-30. Sheet 84 M/12 and about 
Shwebo district, unna. qJ sheet 84 M/16 were completed by 

Dr. Iyer during the course of the season. These sheets are the 
northern continuation of the one-inch sheets surveyed by Mr. V. P. 
Sondhi in degree sheet 84 N. 

The following geological formations and a basic dyke cutting the 
Pegu series were mapped by Dr. Iyer: — 

4. Alluvium. 

3. Irrawadian series. 

2. Pegu series. 

1. Mogok series. 

The aOmmn is confined to the south-west comer of sheet 84 
M/12 around the village of Methe (95° 35' : 23° 2') and consists 
for the most part of loose white sand, although occasionally a little 
clayey soil is encountered. It passes imperceptibly into the Jrro- 
vxiSmn series, which occupies the greater part of sheets 84 M/12 
and 84 M/16. The latter series consists of friable, easily weathered 
white or light-coloured current-bedded sandstone containing, locally, 
gravel and pebbles. Its surface is often covered by loose sand or 
Hawaii patches of clay. Fossil wood exhibiting a fibrous structure 
suggestive of palms occurs abundantly both as broken debris and 
in kujg trunks, the latter being well seen west of Tandaw. The 
uady covet at times gives place to a coarse gravel formed of large 
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pebbles, overlying a coarse sandstone containing abundant fossil' 
wood debris, as may be seen two miles north of Inlegyi (23*^ 6' ; 
95° 36'). 

In addition to fossil wood the following fragmentary vertebrate 
fossils were collected by Dr, Iyer south-east of Gada (23° 13' : 95° 
39') and S.S.W. of Tandaw 

(1) Teeth and fragmental vertebra and limb bones of Rhino- 

ceros. 

(2) Lower molars of Anthremtherium cf. silistrencis. 

(3) Crocodile teeth. 

(4) A few leaf impressions and small pockets of lignite in the 

sandstones. 

Tlie Pegu series is found in two main areas, the first as an irre- 
gularly inlier in the Irrawadiaii series extending from west of 
Ngapyawdaing (23° 5' : 95° 43') in sheet 84 M/12 eastwards into 

slieet M/10 and, after describing an arc round Chaungshe (95° 52' : 

23° 4'), south-westwards to the limits of the sheet ; the second area 
is ill the range of hills running in a north-south direction on the 
west bank of the Irrawaddy. In the former area the dips of the 
rocks are low and subsidiary folding has occurred ; in the latter the 
folding of alU'ruating sliale and sandstone bands has been more 
n'gular and high dips are common. 

The Pegu rocks examined vary from a fragile clay or shale to 
an alb'rnating fine-grained, bedded sandstone and clay, or to a 

liard fine-grained SiUidstone with thin bands of grey limestone. The 
dips vary from horizontal to vertical and the sandstones arc all 
calcareous. In places a gradual passiige was seen from the Pegu 

seri<*s into the Irrawadian. The limestone bands of the Pegus are 
grey in colour and consist of grains of quartz, chlorite and biotito 
in H calcareous base that forms the greater part of the rock ; they 
pass into cah^areous siiudstones in which iroii-ore and sericite in 
addition to the minerals mentioned above are also juesent. 

The basic intrusion occurs as a long and thin dyke in the Pegu 
rocks of the unti(‘line flanking tlie river and sliows a certain amount 
of local variation. It is composed of a fine to medium-grained 
hemi crystalline rock intermediate in composition b^dween andesite 
and dolerite. Felspar (andesine to labradorite) occurs both as phe- 
nocrysts and as niicroUtos ; a green interstitial p^Toxene is mostly 
altered to serpentine, as also is tlie olivine wliich is sometimes fuund : 
magnetite occurs in small grams. 

IE 
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A small exposure of the Mogoi series occurs in the south-east 
corner of sheet 84 M/16, half a mile south-west by south of Male 
(28^^ 2' : 95° 49'). Tlie rocks exposed form a complex of predo- 
minant blue-grey doloniitised Umestones forming massive ridges, 
with acid gneiss and highly banded hornblende-schist : the rocks 
dip at high angles to the east and west. This complex is separated 
from the Pegu rocks to the west by a north-south strike fault. 

69. During the field season 1931-32 the officers working in the 
Northern Circle were Dr. A. M. Heron (in charge), Messrs. E. R. 

Northern Circle (Punjab) and Mr. J. B. Auden (Punjab), 

Dr. P. K. Gbose (Rajputana and Bombay), 
Messrs. H. M. Lahiri (Punjab), B. C. Gupta (Bombay and Central 
India) and A. M. N. Ghosh (Punjab). Mr, D. N. Wadia, who was 
at headquarters as Palseontologist during the year, has submitted 
some notes on the examination of specimens collected in Kashmir 
in the previous year, which are referred to below. 

70. Tlie study of the rocks and fossil collections made by Mr. 

D. N. Wadia in the Burzil valley, Kashmir, in lO.^l, during his 

„ . , traverse to Gilgit, has led to some interesting 

Kasniuir. i i ^ 

results and, at tiie same time, emphasised the 

desirability of a detailed survey of this ground when the new topo- 

grajihical sheets of the area, on the oiic-inch scale, Ix^come available, 

the existing maps being on the scmle of (|uarter-inch to the mih*. A few 

imperfect fossils obtained from the grey-blue limestone, (‘xposed in 

the towering (Tags and precipices of Gurais, are identical with those 

found in the Upi>er Trias of S. E. Kashmir. The fossils ar(‘ too 


Kashmir. 


badly preserved for specific identification, but the following gfmera 
can be made out with some certainty : Myophorid, Triyonia sp., 
two specie^s of Diehsmn (aff. D.julicum, Bittner and D, hirmhiyannm, 
Bittner), Marniolatella, one or two species of the large, tliick-valved 
Mtyahdon^ and some corals and crinoids. The Upper Trias of Kash- 
mir, unlike that of Spiti, is rather poorly fossiliferous and, for the 
most part, is totally lacking in the large cephalopod fauna tliat 
characterises the underlpng Muschelkalk. It is possible that a 
semi-crystalline crinoidal limestone, occurring at the base of the 
limestone of Gurais contains some Upper Zewan beds, but as the 
characteristic lower Protoretepora ampla zone is absent, one cannut 
be certain of this. 


Two miles below Minimarg (34° 48' : 75° 5'), on the road to the 
Burzil pass, rocks belonging to the lowtT part of the Zewan series 
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occur in small patches overlying the Agglomeratic Slates associated 
with an outcrop of the Panjal volcanic series five miles wide. 
The outcrop of the latter series stretches across the mountains for 
many miles in a N.W.-S.E. direction, that is parallel to the general 
trend of the Great Himalaya Range. These Zewan beds comprise 
a slabbjh^ limestone with well-formed zoaria of Proloretepora antpla 
and of Acanthocladia succeeded by ash beds and tuffs interstratified 
with amygdaloid al basaltic lavas. The higher more massive beds 
of limestone of the Zewan series arc not developed. Some of the 
Agglomeratic Slates in their lithology recall the Eurydesma stage 
of Bren near Srinagar, though Mr. Wadia did not find any typical 
fossils, but only broken shell-valves and carbonised plant-tissue. 

In the previous General Report certain foraminiferal limestones 
found some 12 miles south-east of the Burzil pass were regarded as 
Eocene in age, and as probably a western outlier of the Nummulitics 
of Dras in Ladakh. Two specimens of this limestone have, however, 
since been found to contain the Upper Cretaceous foraminifer Orbit- 
olina. In 1906, Sir Henry Hayden brought specimens of this lime- 
stone from a locality much higher up the same valley, chscribed as 
‘ east side of Dorikum (Burzil) pass, 500 feet above the pass The 
genus Orbitohmi was identified in Hayden’s specimoas by Prof. 
Douville.* Although no identifiable Tertiary fossils have been found 
at this Burzil locality, yet Mr. Wa<lia is of opinion that the major 
portion of the rocks here is of Niimmulitic age ; for they are bitu- 
minous lim(‘stones, strongly veined with calcite, and markedly similar 
in general litludogical aspect tii the Niimmulitic limestone of the 
Margala Hills and of the south-wt*st flank of tin* Pir Panjal. 

71. During the early part of the field season Mr. H. M. Lahiri 
continued his previous mapping on to sheets 38 P/13 and 38 Pd4, 
Attock and Miaiiwali which lie partly in the Mianwali and partly 
dUtrkts, Punjab. ia the Attock districts. 

The geological formations met with in the area are the same 
as tliose in sheet 43 D/2, namely Laki to Middle Kiwalik with allu- 
vium (see previous General Report, p. 120). The sandy beds of t)»e 
upper part of the Kamlial-Murree succession are, however, less 
compact in the present area, so that they are not seen to form pro- 
minent strike ridges as in the sheet mentioned. All the boundaries, 
(‘xcept that between the Nagris and the Dhok Pathans are fairly 
well defined. 

» ifcwj. Geol. Surv, Ind., LVTII, p. Sd9. (1926). 
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Salt Range, Punjab. 


The Siwalik strata are here only sparingly fossiliferous, the iden- 
tifiable fossils collected being some isolated equine teeth from the Dhok 
Pathan beds, which have been provisionally identified as Hipparion 
punjabense Lyd., and II. tlieohaldi Lyd. 

The beds examined occur on the southern limb of the great 
Soan syncline, the various formations being normally superposed on 
one another. The strike is E.N.E.-W.S.W. in the north-eastern 
quadrant of 38 P/H, but it swings round to the N,N.W.~S.S.E. near 
Nammal (32® 4:0' : 71° 48'), and maintains that direction further 
to the north and west. Dips vary from 6° to 60° degrees, the higher 
dips being confined to the lower beds. 

72. From December 1931 till May 1932, Mr. E. R. Gee con- 
tinued fieldwork in the Salt Range. The area mapped included 
the southern edge of sheet 43 D/9 in the 
vicinity of Kallar Kahar (32° 47' : 72° 41' 

30"), the north-western portion of 43 D/10 including the Vasnal 
(32° 43' : 72° 33') and Munarah (32° 40' : 72° 31') plateaus, the 
scarp and plateau areas of 43 D/G and D/7 lying north of Katha 
(32° 31' : 72° 26') and Nali (32° 29' ; 72° 20'), 43 D/3 as far west 
as Jabbi (32° 24' : 72° O') and Jalhar (32^ 6' : 72° 16') ; fieldwork 
was also continued into the southern part of 43 D/2, to the west 
of Khura (32° 32' : 72 13'), During the latter half of May, 1932, 

Mr. Gee proceeded to KhewTa (32° 39' : 73° O') and, with a view 
to advising the authorities of the Northern India Salt Revenue 
Department regarding the probable extension of the seams of rock- 
salt to the east of the present mine-workings, he carried out an exami- 
narion of the Mayo Salt Mine {see page :5y). 

During the course of the examination of the Salt Marl within 
the above-mentioned areas, further evidence accrued regarding the 
age of this series. In the Kalra Wahan, about If miles south 
of Changeanwali (32° 36' 30" : 72° 27' 30"), bands of somewhat- 
foliated red clay-shale, steeply-dipping, and intercalated within the 
salt-bearing marl, were found to include numerous small, carbonised 
plant fragments ^nd a few small leaves. A few plant fragments 
were also found in thin bands of clay interbedded among the seams 
of rocksalt which crop out in the Warik Nadi, to the west of Nali. 
Again, in a band of hard, dull red clay interbanded with the marl 
and impure rocksalt that occurs between the Sujowal and Buggy 
scams of the north-eastern end of the Mayo Salt Mine, Khewra, 
carbonised plant fragments were discovered. These plant fossils, 
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altlwMigh throwing no light on the exact horizon of the Salt Marl 
at least favour tiie Tertiary age so strongly indicated by the Kaui- 
tot foraminifera discovered during tike field-season 1929-30.^ 

The principal changes in the stratigraphical sequence noti(M>d as 
the area examined is traversed from east to west (i.e,, from Katha 
to Jabbi) are as follows : — 

1. The Neobolus Shales die out in the vicinity of Katha, the 
overlying Talcliir boulder-bed resting directly on the Purple Sand- 
stones, 

2. The Produclus Litnestones thicken very considerably to the 
west. North-cast of Katha, in the vicinity of Pail (32' 38' ; 72'' 28'), 
this series includes only the Lower Productus strata. To the south, 
in the Kalra Wahan, higher beds come in — -the Middle Productus 
or ‘ Cliff ’ Limestones — and these attain a thickness of 250 to 300 
feet in the vicinity of Nali and further west. To the north of Mohra 
(32° 26' ; 72° 17') softer, fossiliferous, green sandstones and impure 
limestones are included above the Middle Productus Limestones ; 
these — the Upper Productus beds — attain a thickness of about 150 
to 200 feet to the north of Jabbi. 

3. Ceratite-bearmg shales (Triassic) intervene between the Upper 
Productus beds and the basal Nummulitics to the north of Kund 
(32° 25' : 72° 13'). These beds include greenish-yellow and brow- 
nish-grey flaggy hmestoncs and olive-green shales, about 50 feet 
thick to the north of Jalhar. 

The remaining strata — Salt Marl, Purple Sands i ones, Spockhid 
Sandstones, Nummulitics and Siwaliks — remain fairly constant and 
are similar to the exposures of the more eastern parts of the Salt 
Kange. One , point of importance in connection with the Speckled 
Sandstone series was the discovery of Lower Gondwana plant fossils, 
inoludmg Glossopteris and other forms, near the base of this series, 
in the area north of Kund (.see page 22). 

In the upland valleys in which the villages of Kahal (32° 33' I 
72° 18'), Triri (32° 32' : 72° 16'), and Kandana (32° 32' : 72° 18') 
are situated, a series of massive, fairly soft, dull green and brown 
sandstones, with some grey clay bands and orange-brown clays 
id^ve, intervenes between the .alluvium and the Hill Limestones. 
Xlhough resembling in lithology the Lower Siwalik sandstones, these 


1 Rec. Qeol. 8urv. Ind., hSmi, p. 06, (1©30)| LiVl, pp 82, 117, (1982). 
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bods include none of the red clays of that series. At the base is 
often a bed composed of irregular blocks of sandstone of Kamlial 
type and of silicified fossil wood ( ? derived). The grey clay bands 
include some lignified wood and numerous fisli scales, etc. Though 
probably decidedly younger than the underlying Hill Limestones 
these strata have been incorporated in the folding which affected 
the underlying Nummulitics. Mr. Gee has temporarily designated 
these strata the Kandana beds. 

The tectonics of the area under description are, like those of the 
more eastern tracts already examined by Mr. Gee, very (jomplex. 
Excluding the qm^stion of tlie disturbance separating the Salt Marl 
and Purple Sandstone bods— along which definite', evidence of brexi- 
ciation is oftK^n observed —, Mr. (Jec notes that portions of the Salt 
Marl and iJie Purple Sandsl^ne scries arc often repeated by over- 
thrusting. This is particularly well seen in the vicinity of the exit of 
the Dilliwali gorge to the north of Nali, and again north of Kund 
and Sikriala 24' : 72"^ 10'). Overthrusting and sliearing witliin 
the higher strata is also prominent ; in a number of instances, the 
softer strata- -particularly the soft (4ays of the Speckled Sandstone 
series- have been S(pjeezed out at least at their outcrops. Normal 
faulting was also a prominent feature in parts of the plateau. Mr. 
Gee notes that the main gorges which intersect the scarp and tlie 
jdateau have been eroded either along the axes of anticlinal folds 
or along hues of faulting, lie notes that there are two principal 
lines of folding or fold -faulting, one roughly E. W. parallel to the 
scarp, and the other at right angles, the latter being probably slightly 
the later. The E.-W. folds and thrust^s appear, however, to be of 
fairly recent — very late Tertiary or Pleistocene — age, for at several 
places at the foot of the scarp the older beds are thrust up on i>o 
inclined boulder alluvium, whilst on the plateau to the north of 
Jalhar a zone of alluvium (including boulders of Nummulitic Lime- 
stone), resting on Kamlial beds unconformably, is incorporated in 
the E.-W. fold-faults that traverse the area. 

. Mr. Gee notes that the inlier of Salt Marl at Vasnal represents 
an intrusion of the latter as an incipient plug along a line of well- 
marked faulting. Similar, smaller intrusions were observed near 
Kallar Kahar, and again near Bhadrar ( 32 ° 39 ' : 72 ° 30 '). Along 
the north-west * side of the ridge near the village of Pail, the Pro- 
ductus Lim^tones are thrust over the Kamlial strata which con- 
stitute the Pail-Kuohra ( 32 ° 40 ' ; 72 ° 27 ') plateau. 
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To fcjic south-west, in tlie vicinity of Katha, tUo Kalra Wahau 
coincides with a sheared N.-S. anticline. The Narshinghphoar 
on the other hand, is more complex. Overtlirusting has oceurri'd 
in the lower part of the gorge not far from its exit, the middle por- 
tion of the gorge comcides witli a faulted anticline, whilst in the 
upper reaches near Shahalanwali (32"^ 35' : 72'’ 22') definite over- 
folding of the Productus beds has occurred in the soutlierii slopes. 

Tlie Dilliwali gorge is again eroded along the line of a faulted 
anticline, whilst further west, the Limwala ravine follows the trimd 
of an E.-W. fold-fault. Similar N.-S. and E.-W. folds, oft(ui 
ae.companied by overthrusting, are well-marked in the gorge seetK)ns 
north of Kimd, Chenki (32” 23' : 72” 7') and Jabbi. The structure 
of the Koliad gorge north of the latter village (32” 25' 30'' : 72” 7' 30") 
is wry com])Iex, the Salt Marl recurring along faulted anticlines 
in the intersected plateau area about 5 to 6 miles from the gorge 
exit. 

The ])latieau tracts to the north of Katlia include outcrops of 
th(‘ Hill Limestones ca})|)e(l by Kamlials and by alluvium, the struc- 
ture being relatively sim])le. EurtluT W('st, t-o the north of Nali, 
Kund and Jabbi, tlie hard Middh* Productus Limestones cov(‘r wide 
areas often badly faulted ; but to the north, in tlu' Surakki (32” 
31' 30" ; 72” 8')- Sodhi (32” 35' : 72” 10') area the HiU Limestones 
ar('- again promiiumt as a numlxT of anticlinal, often faulted, E.-W. 
ridges alternating with alluvial, synclinal valleys. 

To the south of the Salt Range, the usual boulder-fans followed 
by sandy alluvium beyond are met with. 

73. During January and February Mr. Austin M. N. (tIiosIi 
a<'companied Mr. Gee for instructions in Salt Kangi^ stratigrajdiy. 
Afk‘r tliis, for the reniainder of the field season, a ])eriod of some 
two and a half months, Mr. Ghosh’s servi(;es were plac(‘d at tlie 
disposal of Dr. llellmut de Terra of Yale University, tmd he was 
requested to make collections of fossils from the Productus Lime- 
stone, and the Triassic limestone and marl beds of th(i Salt Range. 
Mr. Ghosh visited Chideru (32” 32' : 71” 4G'), Amb (32” 30' : 71” 55' j, 
and Warcha Mandi (32” 25' : 71” 58') in this connc(d<ion. A fairly 
representative collection of fossils was made from the lower, middle, 
and upper divisions of the Productus Limestones at the three loca- 
lities visitiid. The Ceratite beds at Chideru and Amb yielded a 
fair number of ammonites. The fossils collected were sent to Prof. 
Charles Schuchert at the Peabody Museum of Yale University. Mr. 
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Ghosh has submitted a well-written Progress Report On the work 
done when he was with Mr. Gee ; in addition, his activities as a 
collector for the Yale University Expedition have earned high praise 
from Professor Schuchert. 

74. In the latter part of the field season Mr. Lahiri mapped 
parts of sheets 53 A/6, 53 A/7, and 53 A/N.E., which include portions 
Hos'hiarpur and Tlosliiarpur and Kangra districts, and 

Kangra districts, and of the Bilaspiir Stale. The country mappinl 
Bilaspur State, Punjab, of tlie Sub-Himalaya and consists 

of a series of low parallel hill ranges stretching N.W.-S.E. and separ- 
ated by wide valleys. The most })rominent among these is the 
Solasinghi or Chaumiilchi ridge, the highest peak of which (Sola- 
singhi) attains an altitude of 3,812 feet in sheet 53 A/6. 

The area surveyed is included in H. B. Medlicott’s small-scale 
geological map of the Sub-Ilimalayan country between the Ganges 
and the Ravi^ and is shown mainly as Siwaliks without subdivi- 
sions. Mr. Lahiri has followed Dr. Pilgrim’s unpublished maps of 
the adjoining country in which sev('ral stratigraphical divisions are 
represented. 

The geological formations met with are the Kasaulis of the Sirmur 
series, the Nahans or Lower Siwaliks, and the Middle and Upper 
Siwaliks (including the Pinjor and Boulder Conglomerate stiges) 
as recognised by Dr. Pilgrim. 

Vertebrate fossils are rare. The few specimens obtained include 
Hipparion theobaldi Lyd. from the Middle Siwaliks, and Hippopo- 
tamus sivalensis Falc. and Caut. and a fragmentary tooth of Elephas 
from the upper strata of the Pinjors. Fossil wood partly altered 
into limonite was occasionally met with in the Middle Siwaliks. 

Folds and faults with axes running N.W.-S.E. are the chief 
structural feature of the country. The compression has been most 
intense along the Solasinghi ridge, where the structure is that of a 
highly squeezed anticline in Middle and Lower Siwalik strata and 
underlying Kasaulis broken by a prominent strike fault (the Budsur 
fault of Medlicott), which runs along the north-eastern foot of the 
ridge over the whole of the area examined. The crest of the ridge 
is formed of Lower Siwalik or Nahan sandstone. North-eastwards 
from this fault the main structure is that of a syncline of Pinjor 
•focks abo broken by a strike fault, which is traceaWe in a N.N.W.- 
S.8.E. direction for at least ben miles. Further to the north-east 


^ Mem, (hcl. 8urv. Ind., Ill, Pt. IT, (1864). 
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Middle Siwalik beds are seen overtlmii^fc on to Pinjor strata along 
a fault line (Uie Gumber fault of Medlicott), which unlike the other 
faults in the area follows a markedly zig-zag course. 

To the south-west of the Solasinghi ridge almost vertical Pinjor 
beds are seen faulted against the lower strata of the Middle Siwaliks 
in the Lunkhar valley. South-westward from this fault (the Kesori 
fault of Medlicott) the structure is first that of a syncline of Middle 
Siwalik beds with an outlier of Pinjors. This is followed on the 

south-west by an asymmetric anticline, which is in the same tec- 
tonic line with the Naina Devi flexure. 

The dips of the various beds vary from 6 degrees to vertical, 
and are mostly either north-easterly or south-westerly. 

75. Between January 15th and February 21st, Mr. Auden tra- 
versed from Subathu, along the Gambhar river, to Bilaspur and 

Bakhra, on the Sutlej river, over Tertiary rocks 
va^^Punjab ' which had been previously mapped by Dr. 

Pilgrim (degree sheet 53 A). A narrow 

outcrop of limestone occurs among these Tertiaries as far as Bilas- 
pur. This proves to be Krol limestone, as had been suspected by 
Medlicott and Pilgrim. In numerous localities the Tertiaries appear 
to dip under the Krols on both sides of their outcrop. This is par- 
ticularly well seen at Bilaspur, and near Badhota (31° 03' : 76° 55'). 

In the short time available Mr. Auden did not consider that suffi- 

cient evidence was obtained to prove whether the Krols occurred 
as a nappe truly above the Tertiaries, or whether the inward dips 
were to be explained by extensive mushroom folding. 

76. During a period of some thre' months from the end of February 
Mr. Auden continued his survey of the belt of Krol rocks south- 

Simla Hills ;Chakrata working in sheets 53 F/6, 10, 

district, United Provln^ 14. In July four days were spent at Lach- 
manjhula (63 J/S. W.) and in October tra- 
verses were made in the neighbourhood of Mussoorie (53 J/3) and 
Lansdowne (63 K/N.E.). Mr. Auden is confident that some of the 
rocks of the Krol Belt may be correlated with, those mapped by 
Middlemiss in Garhwal.^ The rocks which, west of the Tons river, 
he had tentatively correlated with the Tals of Garhwal (General 
Beport far 1931, p. 126), lie now considers definitely to be their 
equivalent* Another complete synclinal basin of these beds ^has 
been found in the eastern ,part of sheet 53 F/10, north of the 

' ftec- tfena. Suhf. XX, p. 8S, (1B87). 
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Giri river. Tal beds are also seen, again synolinally disposed on 
Krols, from Landour, near Mussoorie, to Masrani (30° 27' : 78° 09'), on 
the Tehri road. The ‘ Massive Limestone ’ of Qarhwal corresponds to 
tl.e Upper Krol liiiiestoue of the Solon uieti, and to the limestones of 
the Mussoorie ridge. North-east of Lansdowne, in the Medi Gad near 
Eaitpur (29° 54' : 78° 42') the ‘ Purple Slate ’ division of Middlemiss 
was foimd to be composite, being made up of Krol B (Red Shales), 
Krol A (Lower Krol limestone), and Infra-Krol, all of which are 
recognisable, and probably attenuated Jaunsars. The most signifi- 
cant change in the Krol limestones, from the point of view of corre- 
lations, is the increasingly slaty character of the Krol A sub-stage 
to the south-east. While near Solon this sub-stage is made up of 
well-bedded limestones, clearly belonging to the Krol limestone divi- 
sion, to the south-east it becomes less calcareous and more cleaved, 
until in Garhwal, together with the Krol Red Shales, it should 
properly be mapped, as Middlemiss has done, with the underlynig 
slaty series. On the correlation of the Upper Krol limestones with 
the Massive Limestone, those l>eds arc? seen to extend from Bilaspur 
(31° 20' : 76° 45') to Ghungti Hill (29° 45' : 78° 55'), a distance of 
some 175 miles. Below is the siigge>sted correlation. 


Simla Iltllb. 

UpjHjr Tals . . . . . 

Lower Tals . . . . . 

Krol K " 

Krol L MOppor Krol limestone) 
Krol C ^ 

Krol 13 (Rod 81ialos) 

Krol (Lower Krol limestone) 
Infra-Krol 

Blaini 


Gaikwal. 

^Tal limostomvs. 
l^Tal quartzites. 

Almost absoiit. 

Massive Limiistuno. 

Purple Slates. 

(Thin conglomeratic boulder bed seen in 
Purple slates in Medi Gad). 


Jaunaars 
Mandhalis ? . 


Volcanic breccia. 
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In the area mapped in detail, Mr. Auden has followed the Krol 
thrust eastwards to the Jumna river. Near Dadahu (30'’ 36' ; 77° 
26') the thrust brings Krols, Infra-Krols, Blaini and Jaunsars on 
to Subathus, which are locally phyllitised so as to be hardly recog- 
nisable.^ Eastwards, in the Tons, Amlawa and Jumna rivers, the 
older rocks are brought at low angles of 20° to 30° directly on the 
Nahans, with doubtful Dagshais. Since at Bilaspur Kiols were seen 
to rest at 36° on Upper Siwalik conglomerates, it is evident that 
the final movements along this thrust plane were as late as Pliocene 
in age. 

Doleritcs, rich in sodic plagioclase and oft(m with marked inter- 
growth of felspar aufl cpiartz, liave been found along the Giri river 
east of Dadalui, intrusive into Subathus and Nahans. They are 
prop(‘rly ‘ green si^)iu',s ’ with augibi converted extensively to uraliU' 
and chlorite and with strongly saussuritised felspars. These intru- 
sions must be of Miocene or lat(‘r age. 

With regard t^) the succession in the Tons are.a, Mr. Auden 
states that the descending sequence of Tals, Krols, Blaini and 
Jaunsars is normal. At the base of the Jaimsars, however, occnir 
boulder b(‘ds very similar to tliose in the Blaini, associated with 
(onglomerates, (|uart.zitos, limestones pliyllites and bleaching slak's. 
These beds were mapped by Oldham in 1883“ as ‘ Mandhali and 
are found dip})ing synclinally below the Jaunsars, northwards at 
Kalsi (30 32': 77 51'), and southwards at Nasaya (30' tO' : 77^ 

60'). Individual fardes in these Mandhalis show striking resemblance 
to the Krols, Infra-Krols, Blainis and Jaunsars. If they are a deve- 
lojunent of th(‘ Blaini, it follows that the whole Tal-Jaunsar sequence 
rests as a synclinal nappe-outlier on the Blaini, which are yoiuiger than 
Jaunsars, and tliat this complex of nappe-outlier and imdcrlying 
Blainis (Mandhali) has been brought forward by the Krol tlirust 
over Nahans. Mr. Auden is not convinced that the correlation of 
the Mandhalis with the Blainis is proved solely on the resemblance 
between the boulder beds in the two formations, though he admits 
that to the east of sheet 63 E/10 it is difficult td distinguish bet- 
ween the two. A further difficulty is found in the impossibility 
of accurately separating the Mandhalis from the Jaunsars, to which 
series they bear on the whole greater resemblance than they do to 
the Blainis. 

» Compare fhtrv, Ind„ XXIV. p. 72, (1890). 

a Rec. Oeol. JSurv, Ind„ XVI, p. 103, (1883). 
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On ikie ttwrA skle of the Tal-J«iunBaff syncliHe, the Mandhalis 
appear to be thrust over a series of purple slates, purple and white 
sandeftenes and qnartwtes, which are seen along the Tons river 
rveai Morar (30° 4*0' : 77° 46') wid at C3iakrata. These beds were 
mapped by Oldham as the same series as the Jaunsars, but Mr. 
Anden oonsidors t4>em to be different, and possibly to bo equivalent 
to the Simla slates.^ 

77. During the earlier part of the season Dr. P. K. Gliosli com- 
pleted the survey of the S. W. part of Marwar (Jodhpur State) in 
^ Kajpiitana, on standard sheets C. I. and Raj. 

pufimaf*^ 4^1" 74 ^ 75 7 q . during the hitter part of the 

season he surveyed the greater portion of 
Palanpur State, working on standard sheets, C. I. and Raj. 76 and 
77 and Bombay 117 and 118. The rocks of both these areas belong 
to the Delhi system. 

In the S. W. of Marwar, there is an extensive development of 
igneous rocks which had previously been mapped by Hacket as 
gneiss. During the present survey this gneiss has been shown to 
be composite and to consist of successive intrusions of the Erinpura 
granite and its pegmatite, of the Jalor granite and its differentiates 
(microgranite, granite-porphyry, aplite and quartoz-porphyry), and of 
minor basic rocks beloqging to at least three different horizons. 

The Erinpura granite is marked by a lack of differentiated pro- 
ducts except pegmatite, while the Jalor granite is very rich in this 
recqpeot. The granito^porphyries associated with the Jalor granite 

are divisible into two types, namely (1) a highly potassic type, 
ooourring chiefly as N.N.W.-S^S.E. dykes and (2) a more sodi-calcic 
type, ’Occurring only in lenticular masses (probably as sills). Both 
these types ore fairly rkk in fluorite. Lepidolite has been found 
in type (2). The quartz-porphyries occur only as dykes with a 

trend, and are definitely Ister than the granite- 

porphyries, which they out in one place. They are also highly 
potassic' and ^fairly rich in fluorite, and are thus allied to the type 
(1) of the grsnite^rpbyries. 

In the western part of sheet 76 there is an outcrop of Malani 
rhyolite associated with many bedded tuffs. These rocks are little 
disturbed and are therefore thought to be younger than the Erinpura 
granite. They may be the volcanic equivalents of the Jalor granite 
and its differential 
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The acid intmaives of the region are mixed with basic rocks, 
small outcrops of which occur throughout the area. They ha^e 
been classified as follows : — 


(1) AmpMboliies ard schistose epidinrites,- These are the oldest 
igneous rocks, and occur intercalated with the sedimentary series, 
and as inclusions in the granites. No trace of augite remains. 

(2) Coarse dolerUes and fjobbros — lhc stratigraphical horizon of 
this group is not clearly established. It is certainly younger than 
the Erinpura granite, and possibly older than the Jalor. Augite, 
though in course of alteration to amphibolite, is rarely absent. 

(3) Fine-grained dolerite and hasdi.- These are the youngest 
Igneous rocks of the area, and occur chiefly as thin veins inter- 
secting all other rocks. They show little signs of pressure meta- 
morphism. Some of these dykes contain porphyritio crystals of basic 
plagioclase up to 2 inches in length. Others show abundant por- 
phyritic biotite which gives them a lamprophyric character. Others 
again are typical dolerites, with titan-augite. 


78. The geology of the Palanpur state is a 
State, continuation of that of Marwar. The chief 
points of difference are as follows : — 

Among the sedimentaries the phyllites and calcareous rocks are 
better developed and the quartzite is missing. In the igneous group 
the Jalor granite dwindles into insignificance, and the Erinpura 
granite takes its place. The Jalor differentiates are represented by 
slender veins of flesh red pegmatite, and massive quartz veins, neither 
of which types occurs in Marwar. The three groups of basic rocks 
were all recognised, but group (2) has attained a much greater 
development. In addition, in the north-west comer of sheet 77, 
there are a number of narrow’ dykes coloured in various shades 
from mauve to black, and with an east- west strike. These rocks, 
which are almost entirely composed of oligoclase, are doubtfully 
classified wdth group (3) of the basic rocks. 

A zone of severe crushing, faulting, and secondary silicification 
extending over more than 15 miles in a N.E.-S.W. direction occurs 


in the Banas valley. It seems that the original rocks of this zone, 
phyllite, granite, and pegmatite, were subjected to a compreBsive 
stress in a N.W.-S.E. direction, and that relief from this was finally 
obtained by faulting. On the relief of pressure the silicification 
took place. These disturbances are perhaps representative of the 
earth movements that signabsed the close of the Delhi period. 
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79. Mr. B, C. Gupta did not resume field work until February, 
remaining in the field until the end of April 1932. During this 

PancbMabalt district, worked on standard sheets C. I. 

Bombay, and Jhabua and Raj. 178, 179 and 180, the area surveyed 
States, Central India. comprising the eastern tahkas, Jhalod and 

Dohad, of the Panch Mahals district of the Bombay Presidency, 
with adjoining strips of Kushalgarh and Jhabua States, Central India. 

The oldest group of rocks in the area is a highly metamorphic 
series consisting principally of an extensive development of slaty, 
phyllitic and micaceous schistose formations, with quartzites and 
impure calcareous rocks. These rocks have a general northerly, 
or north-north-westerly strike, and are continuous with the Aravalli 
formations “as mapped further north in Rajputana. The prevailing 
argillaceous types of rock vary from compact grey, slaty and phyl- 
litic forms in the area north of Dohad to a more highly metamor- 
phosed greyish white micaceous schists spotted with specks of 
biotite and sericite further south. 


Lying unconformably on these Archaean metamorphics are 
several patches of a massive, impure, unfossiliferous limestone, which, 
on account of its lithological characteristics and infra-trappean 
position, must be correlated with the Bagh l»eds of Central India 
and the Lametas of the Central Provinces. 

Characteristically variable as is this Larneta limestone, it makes 
a more or less definite and sharp (jontact with the underlying 
Aravallis. In the Chhindwara district, Central Provinces, ther<^ is 
abundant evidence^ of the formation of such limf^stojies by the 
metasomatic replacement of the underlying rocks. No mch. evi- 
dence has been found by Mr. Gupta in the area under review. 

Underlying the Lametas, and often resting directly on the 
Aravallis occur basalitic lava flows of the Deccan trap series. These 
lavas are characterised by a general homogeneity of composition, 
by compactness of texture, and by fineness of grain. Porphyritic 
types are rare, and vesicular or amygdaloidal forms were not 
recorded in the field. 

No Tertiary formations were observed in the area surveyed. 

80. During the field season 1931-32 the officers working in the 
Southern Circle were Dr. C. 8. Fox (in charge ; Central Provinces), 


SoatlMfn Circle. 


Mr. A. L. Coulson (Madras), Dr. M. 8. Krishnan 
(Bihar and Orissa), Mr. D. Bhattacbarji 


‘L. L. Fermor and C. S. Fox, Bee, Qed, Burv, Itid,, XLIII, pp. 32y33, (1013). 
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(Central Provinces) and Mr. P. N. Mukhefjee (Madras). In addition 
Mr. H. Cecil Jones, who was at Headquarters writing]; his report on 
the iron-ore deposits of Bihar and Orissa, made a brief visit in 
January to some of the iron-ore mines of Singhbhum in order to 
bring his knowledge up to date. 


81. During the field season 1931-1932, the only officer available 
for field work in Bihar and Orissa was Dr. M. S. Krishnan, who 
continued his systematic mapping of 
Bihar an r wa. Gangpur State and adjoining areas. The maps 

used were on the scale of two miles to the inch, and the area mapped, 

which is about 450 square miles in extent, covers 

Oangpur, Bonai, and the greater part of the soutliern half of sheet 
Bamra States. nnnian • • j. t i 

73 B/8.b., comprising parts of (iangpur and 

Bonai States and the part of sheet 73 B/S.W. lying within the 

borders of Bamra State. 


The country is hilly and contains some prominent ranges of 
quartzites and micaceous quartz-schists near the southern margin, 
where they rise to an altitude of about 2,500 feet. The rocks met with 
comprise mica-schists, micaceous quartz-schists, quartzites and 
carbonaceous phyllites, with epidiorit*^ sills and some irregular 
exposures of granite-gneiss and granite. Veins of quartz and 
pegmatite are common. 

A synclinal structure can be made out along the middle of the 
area, its axis having an approximate E. N. E. W. S. W. trend. 
The feature that separates this from the Gangpur anticlinorium is 
the horizon of sheared conglomerate which extends nearly parallel 
to, and one to three miles north of, the Bengal Nagpur Railway 
track from Jaraikela (22^ 19' : 85° T) to Bamra (22° 3' 1 84° 17' 30"). 
This horizon, which may be called the ‘ Raghunathpali conglomerate’ 
marks, according to Dr. Krishnan, a zone of shearing. 

To the south and south-east of the present area there are phyllites, 
sandstones, quartzites, banded haematite-jasper, etc., in which there 
are no rocks directly comparable with the gondites and the marbles 
of the Oangpur anticlinorium. The strata in south-west Singhbhum 
have dips towards the north-west or N. N. W., conformable with those 
in the present area. There is undoubtedly much close isoclinal 
folding throughout the area, bringing about a repetition of the beds ; 
but it seems clear that as we proceed south-eastwards from the 
sheared conglomerate horizon in Gangpur into South Singhbhum 
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we come into older beds, of which the oldest belong to the basal 
portions of the Iron-ore series. 

The series of rocks exposed in the Gangpur anticlinorium and 
to which Dr. Krishnan proposes for local use the name Qangpur 
series, is regarded by him as older than the Iron-ore series. The 
two series are separated ly tlie Raghunathpali conglomerate. The 
beds exposed in South-east Gangpur and the adjoining parts of 
Bonai will form the upper parts of the Iron-ore series which have 
been brought into juxtaposition with the Gangpur series by vertical 
movement, which may be of the nature of a slide. 

On this interpretation the rocks occurring in Gangpur State 
may therefore be arranged stratigraphically as shown below 

Granite 

TEpidiorite with local tufiFs (Dalxna trap ?). 

Mioa-Bohists and carbon -phyllitefl. 

Iron-ore < Quartzites and conglomerates, 

series. Mica-schists and phyllites. 

(Lower parts of the Iron-ore series — unrepresented here). 

(Slide). 

/ Sheared conglomerate (Raghunathpali conglomerate). 

Gangpur i Mioa-aohista with two horizons of oarbon-phyllite. 

Bories. 1 Dolomitio and calcltio marbles. 

( Mica-schists and phyllites with intercalations of gondite. 

The presence of carbon-phyllites in each series is of interest, and if 
one lecalls that the basal portions of the shales in the Iron-ore series 
in South Singhbhum contain manganifercus and calcareous bands, 
one might be tempted to suggest that the two series are one and 
the same. Apart from the fact, however, that it is not impossible 
for there to have been more than one period when manganiferous 
sediments were deposited, it may be recalled that on examining the 
manganese-ore occurrences of Chaibasa many years ago before the 
possible stratigi'aphical importance of the point was evident, I came 
to the conclusion ^ that the bed-like layers of manganese-ore of 
that neighbourhood were due to the surface replacement of the 
associated slates and phyllites. Dr. Krishnan appears, therefore, 
to be entitled to regard the two series as of different ages, as shown 
in the above table. 

Judging from the presence of gonditio rocks, as well as of the 
overlying marbles, it must be accepted that the Gangpur aeries is 
equivalent to a portion of the Sausar series, and this correlation 
agrees with the fact that the Gangpur anticlinorium is on the general 


l fim- QtoL Surv. Jnd., XXXVII, p. 620, (1909). 
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strike of the Sausar belt of the Central Provinces. This separation 
of the schistose and phyllitic rocks of Gangpur, Bonai and Singh- 
bhum into a more northern belt (Gangpur series) with marbles and 
gonditic rocks, and a more southern belt (Iron-ore series) is closely 
parallel to the separation of the schistose and phyllitic rocks of the 
Nagpur and Bhandara districts of the Central Provinces into a 
northern belt (the Sausar series) with marbles and gondites and a 
more southern belt (the Sakoli series) devoid of such rocks 

Phyllitcs and mica-schists are the most abundant rocks of the 
region. They usually contain quartz, biotite, muscovite and a 
little chlorite. Locally they become garnetifcrous. A zone of 
garnet-staurolite-mica-schists occurs just to the north of a large 
epidiorite sill extending from Gailo (22° 4' : 84° 44' ^^>0") to Kabga 
(22° -4' 30" : 84° 28'). Lenticular masses of chlorite-schists are 
occasionally found amidst the mica-schists. The mica-s.hists are 
also found to be sometimes felspathic, owing perhaps to the addition 
of granitic material. 

Near the southern margin of the area there are large hills com- 
posed of micaceous quartz-schiste, quartzites and conglomerates. 
The last form irregular and impersistent bands and generally sliow 
evidence of crushing and shearing. 

Some conspicuous bands of carbonaceous phyllite are found in 
the south central portions. Just to the west of the valley of the 
Brahmani river, they show a marked bend in their strike, from 
W. S. W. to W. N. W., at longitude 84° 50'. A thin bed of the same 
rock, which is associated with the epidiorite sill mentioned above, 
shows the effect of shattering, and is partly replaced by, and veined 
with, secondary quartz. 

There are several sills and some lenticular masses of epidiorite 
in the area. They all probably belong to the same magmatic source 
as gave rise to the Dalma traps. The original basic igneous rock 
has been altered to amphibole-schist, consisting chiefly of an amphi* 
bole near actinolite in characters, and varying amounts of albitised 
felspars, epidote, clinozoisite and small quantities of calcite, chlorite, 
magnetite, and ilmenite. The large epidiorite sill mentioned above 
shows also a small area of tremolite-dolomite-phlogopite-schist at 
its south-eastern end. 

Two bands consisting of a dark greenish-grey, conglomeratic 
schist ooCQr in the south-eastern ootmer of sheet 73B/S. E., one 

(ML Surv4 Ind.^ LXlt, p. 132, (1090). 
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extending from Nawagaon (22° 6' : 85° O') to Silpimgi (22° 2' : 
84° 56') and the other near Thiatangar (22° 0' : 84° 66'). The rook 
shows much chlorite and quartz and smaller amounts of magnetite 
and occasional felspar. The pebbles are of granular quartzite and 
jasper, the latter showing quartz, magnetite (martite), and dolomite 
rhombs. Occasional biotite and epidote are also found in the 
groundmass. Dr. Krishnan suggests that this rock may be a 
metamorphosed tuff containing pebbles of sedimentary origin. 

Several patches of granite-gneiss occur in the area to the east 
and north of Jara (22° 1'; 84° 39'). This seems to be older than the 
unfoliated intrusive granite found in the extreme south-eastern 
corner of sheet 73B/S. E. The pegmatite and quartz veins pene- 
trating the schists in many places are to be assigned to the latter. 

82. The officers working in the Central Provinces were Dr, 
C. S. Fox and Mr. D. Bhattacharjee. Dr. C. S. Fox devoted the 
whole field season, from December, 1931, to 
cn ra rovinces. 1932, to rounding off surveys in the Clihind- 

BetuI and^Chhindwara wara, Bctul and Hoshangabad Districts of the 
Central Provinces in the Satpura region. 

He has now completed the examination and mapping of pra<;ti- 
cally the whole area comprised in the map accompanying Mr. B. J. 
Jones' memoir (Vol. 24) on ‘ The Southern Coal-fields of the S4tpura 
Gondw4na Basin'. These are included in sheets (1 inch to the mile) 
55F/11, 55F/16, 65F/i6, 55J/3, 65J/4, 65J/7, 55J/8, 66J/11, 55J/12 
56J/J5, and 66J/16. With the completion of these sheets and those 
mapped by Mr. H. Crookshank along the northern margin of the 
Satpura region and including the Pachmarhi Hills, almost the whole 
of the Satpura region has now been mapped anew. 

In carrying out this mapping Dr. Fox has been able to confirm 
the opinion of Mr. H. B. Medlicott that the Talchirs pass up quite 
conformably into the Barakars. In the area of the Suki river north 
of Shahpur (22° 12' : 77° 64') it is difficult to fix a horizon that 
would satisfy everyone as the dividing plane between the two forma- 
tions. Jn the Sonada field near Kuppa (22° 14' ; 77° 46') plant 
fossils occur in rocks of a Talchir facies. 

Similarly the Barakars pass upwards into the barren measures 
to which Mr. Medlicott applied the term Moiur horizon. Dr. Fox 
visited Motur and found that the sandstone and buff clays that 
occur in the small inlier in the Deccan Trap country about a mile 
east of Motur village (22° 17' : 78° 33') are similar to those of the 
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Tawa valley and unlike the descriptions ^ivcn by E. J. Jones^ of 
the Moturs of the Pench Valley. For this reason Dr. Fox suggested 
dropping the name Motur for the strata that overlie the Barakars, 
and proposed to refer to them as Barren ’Pleasures or Middle Damudas, 
The inlier visited by Dr. Fox is not, however, shown in Medlicott’s 
map, and in any case it is clear from the text of his memoir^ that the 
term Motur was selected to apply primarily to tlie rocks in the section 
to the west of Motur. Medlicott also applied the term to the rocks 
of the Pench Valley. There seems thus to be no valid reason for 
discarding this well-known term. 

The Moturs in turn pass upwards quite conformably into the 
beds that were termed the Bijori horizon by Mr. Medlicott. It is 
consequently difficult to draw a dividing plane between the Bijoris 
and the Moturs. The Bijoris, however, contain carbonaceous shales 
and thin, poor coal seams, and in this manner show their relation- 
ships with the Raniganj series, which they represent. Mr. Crook- 
shank has found numerous occurrences of Gloss&pteris in the Bijoris 
and has shown that the Almod (Alimod) beds can be assigned to the 
upper part of the Bijoris. 

Dr. Fox crossed north-west from Suktawa (22° 24' : 77° 61') 
and Kesla (22° 28' : 77° 51') to the Nilgarh forest reserv’e and then 
southward along the scarp of the Pipalgota reserved forest to 
Jamgarh Hill (22° 16' : 77° 46') to study the great overlap of the 
Upper Gondwanas (chiefly Jabalpur heels) mapped by Mr. 
Crookshank in the previous season. There is no doubt that the 
Upper Gondwanas overlap the Lower Gondwanas southward and, 
according to Dr. Fox, the successive beds of the Upper Gondwanas 
overstep each other in the same direction. In Jamgarh Hill the 
Jabalpurs are found resting on the Moturs. 

Dr. Fox was able to devote time also to the subject of the equi- 
valence, suggested by him some years back,* of the Denwa series 
with the red clays and sandstones, known as the Moturs, in the Pench 
Valley. He found that the Moturs were quite conformable to the 
coal measures (Barakars) and thus equivalent to the Moturs of the 
tjrpe area as was recognised by Medlicott. The great lithological 
dissimilarity between the Moturs of the Pench Valley and those 

' * The Southern Coal-floldd of the Batpura Gondwana Besin*, Mem. Geoh Svrr. 
Ind., XXIV, pp. 46-48. (1887), 

* Op. eit., X, p. 161, (1878). 

•fjec. OeoL 8urv. Ind., LIX, p. 86, (1920). 
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seen in the excellent sections of the Tawa River is due according to 
Dr. Fox to prolonged soaking and exposure of the strata in the Pench 
Valley. Not only has Dr. Fox found typical buff to greenish yellow 
clays in process of alteration to bright red clays, but he has also 
traced the influence of this prolonged soaking in causing an increase 
in the moisture contents and decrease of caking character of the 
Pench Valley coals in passing from west to east, though there are 
marked exceptions to these progressive changes. 

Thus the result of Dr. Fox’s work is to show that the doubt 
previously thrown by him on H. B. Medlicott’s classification of 
the Gk)ndwana8 in the Satpura Range was unjustified ^ and that the 
Moturs of the type area and of the Pench Valley are the same, 
as was established by H. B. Medlicott ; and that the Moturs are 
older than the Deiiwas (to some forms of which they are lithologi- 
cally similar), as is required by Medlicott’s classification. It is 
satisfactory to have the accuracy of H. B. Medlicott’s classification 
of the Gondwanas in the Satpuras reinstated after the doubts cast 
on it in recent years. It is unfortunate that there should have been 
this period of doubt concerning the accuracy of H. B. Medlicott’s 
classification as not only has it led to a large number of inaccurate 
statements on pages 85 and 86 of Vol. LIX of these Records^ but 
also to an erroneous alteration of the position of the boundary 
between the Upper and Lower Gondwana rocks in the Satpuras 
on the latest (fifth) edition of the 32-mile to the inch geological map of 
India published in 1931. It has seemed desirable to draw attention 
to these errors, so as to prevent any further confusion. It is also 
important to notice that the work of the pioneers in Indian geology, 
ol whom Mr. H. B. Medlicott was a distinguished member, deserves 
the greatest respect, and that significant changes in the classifica- 
tions worked out by them should not be made without the very 
strongest reasons. 

83. Ml’. D. Bhattacharji spent three months in the field at the 
beginning of 1932, working partly in the Umrer tahsil in the Nagpur 
district on sheet 65P/1, and partly in the Gondia and Sakoli tahsils 
of the Bhandmra district on sheet 550/15. 

The areas mapped in the Nagpur district are occupied mainly by the 
Deccan trap formation with a small amount of alluvium. The Deccan 


Naspar diitrlct. 


trap includes the hill of Mate Pahar Pipardol, 
1,373 feet, where it is estimated the total 


* Geci, 8urv, Ind., LIX, pp. 85, §6, (1986b 
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thickness of the lavas is somewhat less than 460 fcrt. This is also 
about the maximum thickness of the Deccan trap series in this area. 

There are no fossiliferous intertrappean beds in this area ; but 
unfossiliferous intertrappean bands about 3 to 5 feet thick have 
been noted by Mr. Bhattacharji near Tikari (20° 56' : 79° 11'), 
Dawa (20° 64' : 79° 10'), Thana (20° 55' : 79° 6'), Chargaon (20° 51' : 
79° 5'), Makardhokra (20° 62' : 79° 13') and Sirpur (20° 51' : 79° 16'). 
In most of these sandstones and clays are found. In other places 
a red clay marks the horizon between the successive flows. 

84. In sheet 55 0/15 in the Bhandara district the major portion 
of the sheet is occupied by rocks allocated to the Sausar series and 
„ . associated gneisses largely obscured by 

alluvium. But the south-east corner is 
occupied by rocks of the Sakoli series forming a continuation of the 
Gaikhuri Hills mapped by Dr. S. K. Chatterjoe in sheet 55 0/10. 
The boundary between the Sausar and Sakoli tracts runs as usual 
in a north-easterly direction, from Bori (21° 15' : 79° 63') in the 
south-west to Dongargaon (21° 23' : 80° O') in the north-east. The 
rocks of the Sakoli series as represented in this sheet comprise 
chloritic and ferruginous quartzites, phyllites and muscovite- 
chlorite-schists. The quartzites form two prominent bands, one 
from Setepar (2r 16' : 79° 51'), on the southern margin of the map, 
through Wadegaon (21" 19' : 79° 59') to Dongargaon (21° 23' : 
80° O') ; and the other through the Bagimar and Ladhari hills, 
forming a continuation of the band previously mapped by Dr. 
Chatter ji along the north-western fringe of the Gaikhuri Range of 
Government Reserved Forest in the sheet to the south. Chlorite- 
muscovite-schist is closely associatecl with these quartzites passing 
into them both vertically and marginally. Phyllites, regarded as 
higher in the sequence, occupy an extensi\e tract to the south-east 
of these schists. 

The portion of the tract occupied by the Sausar series mapped 


this year is that immediately adjoining the Sakolis. The Sausar 
series is here represented by some minute exposures of amphibolite 
and by quartzit^ of the I^mtek stage near Lakhegaon (21° 21' : 
79° 66'). There is also a very small exposure of slightly mangani- 
ferous rock resembling gondite near Kesalwara (21° 20' : 79° 62'), 
which is associated with felspathic gneissose schist. There are also 
numerous outcrops of gneisses and felspathic schists appearing 
through the alluvium, mainly in stream beds. 
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Throe bands of fauU breccia have been found, one near Berdipar 
Tola (21° 20' : 79° 68') with a north by west strike ; the second half 
way between Bori and Lendejhari with an E. S. E. strike ; and the 
third striking E. 30° N. along the south-eastern slope of Bagimar 
hill range. The last is a continuation of the fault breccia traced by 
Dr, S. K. Cliatterjce in the sheet to tjie south. These fault breccias 
all occur in the Iract occupied by the Sakoli scries. 

86. Mr. A. L. Coulson spent the first three months of the year 

investigating the baryteij and asbestos deposits of the Anantapur, 

„ ^ ^ Cuddapah, and Kurnool districts of the 

Madras Presidency . ,, ^ ^ . 

Madras iTcsjdency. 11ns work is sum- 
marised in the rcsjxictivc sections of ‘ Economic Enquiries’. Mr. 
P. N. Mukerjee assisted Mr. Coulson in this work. 
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Anthracolithic Faunas of the Southern Shan States. 
By F. R. Cowper Reed, M.A., Sc.D., F.G.S. (With 
Plates 1 and 2 and an APPENDIX BY STANLEY Smith, 
M.A., D.Sc., F.G.S.) 


INTRODUCTION. 

Of the three faunas of the Anthracolithic system of the Shan 
States described by Or. Diener ' in 1911 only one was obtained 
from the Southern Shan States, the fossils of ^hich ^ere tollected 
from bands of shaly limestone and marl in the hills between Hopong 
and Mong l awn. Dr. Coggin Brown has from time to time recently 
made considerable collections from a dark limestone at a locality 
in the Southern Shan States called Iltam Sang (A. 534), and it 
is these which have provided the chief material for this memoir. 
But there are also a few specimens from other localities. One of 
them is a specimen of a coral from a black shattered limestone at 
Taung-gyi, belonging to the ‘ Plateau Limestones ’ which has been 
identified by Dr. Stanley Smith as Lonsdahia wdica, Waag., but 
no other fossil is available from this locality. 

There is also a rather abundant coral belonging either to the 
genus Syringopora or to Tetrapora which occurs at Poila (A. 50G). 

The present author himself in 1927 visited some exposures on 
the road between Taung-gyi and Mi ng Paw n and collected a few 
specimens near the 24th milestone which are also here described, 
as they supplement the list given by Dr. Diener from the same 
neighbourhood, and some of them show features of special interest. 

The description of the new species of Lophophyllmn from Iltam 
Sang has been kindly furnished by Dr. Stanley Smith, who has 
examined and cut several specimens of \t for me, and it is here 
given as an appendix. 

With the exception of this coral, of which a considerable number 
of specimens occur in the collection from Htam Sang, only one 

‘ Diener, ‘ AnthraooUthio PoeaUii o! the Shim States *, PaL Jnd., N. S., VoL ID, 
Mew. No, 4, pp. 1-74, Pis. I-VH, (1011), 
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or two examples of the various species described below have been 
available, and in many cases the material has proved too imperfect 
for a full description or specific determination. 

Locality I : Htam Sang. 

List of fossils collected by Dr. Coggin Brown. 

Idebea indicOy Waag. 

Derbyia grandiSy Waag. 

„ shanensis (Diener). 

Streptorhynchus cf. pdargotiatus, Schloth. 

„ cf. (KiangsieUa) pectinifomiis (Dav.). 

Orihotetes cf. cajmloides (Waag.) ? 

Schuchertella semiplam (Waag.). 

Strophalosia sp. 

Productus {Krotovia) cf. januSy Huang. 

„ (Marginifera) cf. hveicJumensiSy Huang. 

„ (Dictyodostus) sp. 

Chonetes sp. 

Camarophoria cf. nuculay Schellw. 

Spiriferina {SpirifereUina) shanensisy sp. nov. 

„ {Retu^dariina) conquisitay sp. nov. 

Squamularia asiaticay Chao. 

„ duplexy sp. nov. 

„ ? indica (Waag.). 

Martinia dispar y Diener ? 

Martiniopsis hioucheiy Diener ? 

„ cf. sidypentagomlisy Waag. 

Notothyris exUiSy Gemm. var. 

„ nudeolus (Kut.). 

„ persimilisy sp. nov. 

Athyris (Cleujthyridina) pedinifera, Sow. 

SpirigereUa prcelonga^ Waag. var. nov. shanensis. 

yy defhyiy Waag. var. 

Lyttonia nobUiSy Waag. 

FenesteUa gemmatay sp. nov. 

„ muUtnodfdosa, sp. nov. 

„ sp. a. 

yy Sp. b. 

Polypora kowinckiana, Waag. and Pichl, var. nov. postern. 

„ cf. megastomay De Eon. 
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Pdypora of. gigamtea, Waag. and Piohl. 

„ cf. kolvw, Stuck. 

„ disoreta, sp. nov. 

„ ssp. ind. 

Thamniscus cf. dybim^ Schloth. ? 

Septopora ? sp. 

Ooniodadia indica, Waag. and Pichl. 

Pinnatopora sp. 

AcarUhodadia sp. 

StrebU^rypa bdssleri, sp. nov. 

„ birmanica^ sp. nov. 

Rkabdomeson shanense^ sp. nov. 

Rhombopora drcumdncta, sp. nov. 

„ virgula, sp. nov. 

Fisiulipora servata, sp. nov. 

„ aff. carbc^ria, Ulrich. 

IlexagoneUa IcBvigata, Waag. and Wentz. 

OeinitzeUa cf. crassa, Lonsd. 

Tabulipora ? sp. 

Cyathocrinm virgalensis, Waag. 

Michdinia dieneri, sp. nov. 

Lophophyllum (yrienLale, St. Smith (sp. nov.). 

Locality II : Taung-oyi. 

Lomdcdeia indica, Waag. 

Locality III : Poila. 

Syringopora ? sp. 

Locality IV : Near 24 th milestone on road from Taunghjyi 

TO Mong Pawn. 

List of fossils collected by Dr. F. R. C. Reed in 1927. 

Derbyia ? sp. 

SchucherteJla semiplana, Waag. 

Pfoductua (Marginifera) bivius, sp. nov. 

Aulosteges of. tibetieuSy Diener. 

Chonetes sp. 

Spiriferina {SpirifereUina) shanensis, sp. nov. 

Squamularia (moHca, Chao. 

Athyria (CleMhyridina) pecUniferay Sow. 



86 


B/tootit of Ae Qteh gie t d Swrvtg of India. [ Vol. LXVJl. 


FenesteUa jabiensis, Wug. ami Field. 

99 ®P* 

Polypora cf. kolvce, Stuck. 

„ cf. tranninhensis, Mansuy. 
y, 8sp. ind. 

Rhabdomeson sitbmurale, sp. nov. 

Streblotrypa bassleri, sp. nov. 

Cyathocrinus virgalensis, Waag. 

Michdinia cf. yunnanensis, Reed. 

Lophophyllum orierUalCy St. Smith, sp. nov. 

LOCALITY I.— HTAM SANG. 

Mollusoa. 

Liebea indica, Waagen. 

There is one small left valve of this species in the collection 
from Htam Sang (A. 534), showing the characters which Waagen ^ 
has described. It measures 7 mm. in length. This is the only 
lamellibranch which has been recognised from litam Sang. 

Bbaohiopoda. 

Derbyia gta/ndis, Waagen. 

This species ^ which was not recorded by Diener from the South- 
ern Shan States is only represented by one imperfect but typical 
valve from Htam Sang. When perfect this specimen must have 
measured about 45 mm. in length. 

Derbyia shanensis (Diener). 

There are some imperfect specimens in the present collection 
which may be referred to Diener’s species titreptorhynchus slum- 
ensis ^ which he founded on specimens from Kehsi Mansam. With 
regard to the generic reference it seems much more probable that 
it should be placed in the genus Derbyia^ particularly as Diener 

1 Waagon, Salt Range Fossils, I, PoZ. Ind., Sor. XIII, p. 295 ; Pi. XXIV, fig. 13^ 
(1887). 

* Waagen, Salt Range Fossils, 1, Pal. Ind., Ser. XIII, p. 697 ; PI. LI, fig. 1, la- 
ic ; PL Lll, figs. 1, 8 ; PL LIU, figs. 3, 5, (1S87). 

* Uiaxer, c^. cii, p. 14 ; PI. II, figs. 8^ 8, (1911). 
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himself specially compared it with Derbyia biloba (Hall)^ Tt 
is difficult to understand Diener’s statement that the hinge-line ib 
^ little more than half the greatest breadth of the shell as he also 
states on the same page that both valves are ‘ transversely elongat- 
ed, being considerably broader than long Our best specimen 
which is transversely elliptical and thus resembles in shape the 
Mongolian shell which Grabau ^ names SchetXwiemlla regim, has 
the pedicle-valve gently concave and forming a low, sharp pointed 
cone, with the large, triangular hinge-area nearly at right angles 
to the plane of the shell. The sharp, radiating riblets on the surface 
show slight scabrosity where they are crossed by the concentric 
lines. The least imperfect specimen measures about 43 mm. in 
length, 68 mm. in width and 34 mm. in depth at the apex of the 
pedicle-valve. 

There is considerable difference of opinion as to the validity of 
tlie various generic names which have been given to tlie memlxu's 
of tlie Orthothetiiue, and Licharew ^ has recently discarded the 
names Schelltvicndla, Schuchcrldla and (Jrtholluiina for Upjier 
Paleozoic species. Grabau, liowever, as above mentioned, refers 
a Permian sjiecies to Schdiwwticihi, and P) unbar and Gjiidra ^ use 
Schucherlclla, and OrthothHma for certain Pennsylvanian species 
and do not tliink Ijicharew’s arguments are convincing. Tlie genus 
Derby ki as re-defined by Dunbar and Condra ^ is apparently that 
to which Diener’s species shancft'iis should be refiTred. Seiiucliert 
and Lc Venc ^ have recently made the ri^mark tliat Derbyia ^ seems 
to be a synonym of OrtJu>tetes Fischer 1829-1850 

Streplorhyrichus cf. pclaryomdus, SclJotheim. 

One nearly complete pedicle valve of an Orthothetoid sliell and 
a less perfect one from the same locality are worthy of notice beciiuse 
of their well-preserved characters and distinctive ornamentation 
which differs from that in I>. shattemis in the much smaller numbtH* 
of the radii. The pedicle-valve is gently convex, subtrianguiar 

1 HaU, 2nd Ann, BepL New York State Qeol., PI, 41, figs. 4, 6, (1883). 

•Grabau, Permian of Mongolia, Not, Hist. CetUr, Asia, IV, p. 248; PI. XXV^ 
figs. 2a, b, (1931). 

* Lioharew, Ciassifioation of OrthototinsB, Ann, Soc. Pal, Hues,, VIII, pp. 117-139, 
(1930). 

•Dunbar and Ck)ndra, BuU, Nebraska Oeol. Surv,, 5, Ser., pp. 06-76, (1032). 

• Ibid,, pp. 75.78. 

•Sohuohort and Lo Vono, Boss, Oatal,, 1, Anim. Pars 42, Brachiopoda, p. 61, (1920). 
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in outline and forms a depressed cone with a high pointed umbo, 
the straight umbonal edges diverging from it at about 80° ; the 
hinge-area is large and triangular and more than one third the height 
of the valve ; the cardinal angles are subrectangular ; the general 
outline of the shell, apart from the 'hinge-area, is transversely 
Bubelliptical. The surface of the valve is covered with 40 — 60 
straight, narrow, rounded, prominent, equal or subequal, radiating 
riblets, nearly all equidistant and separated by rather deep, con- 
cave interspaces, about twice as wide as the riblets and crossed by 
strong, closely placed, concentric striee ; a few of the riblets become 
slightly thicker and more prominent towards the margins, and in 
a few interspaces a finer riblet is developed anteriorly. A con- 
centric growth-ridge is also present in one specimen. There are 
also some other small and much worn specimens which may belong to 
the same species. 

Dimensions. 

Length 1G*5 mm. 

Width 18*0 mm. 

Remarks. — This shell seems to be comparable, if not identicr)! 
with Slreptorhynchits 'pelargonatys^ Schloth., which is the type of 
the genus, and was figured by Waagen ^ from the Salt Range. 
We may also compare Str. braihi, Grabau,^ from the Permian of 
Mongoba. It is perhaps identical with the shell from Namun 
figured by Diener ^ as Str. cf. semiplanus, Waag., or with the un- 
figured species from the same locality which he says bears a ‘ super- 
ficial resemblance to Sir. pelargonatm^ {op. <if.y p. 48). We may 
specially compare Streptorhynchus memor, Reed,^ from the Salt 
Range, which was recognised to be closely allied to Str. pelargonatus, 
and the species Str. ajfine, Girty, from the Pennsylvanian of Kansas 
and Nebraska,^ is undoubtedly closely related. Dunbar and Condra 
{op. cit.) remark that the latter species ‘ is probably closely allied 
to SchachertelJa praUeni (McChesney)^ and may mark the transition 
from Schuchertella to Streptorhynchus \ Str. pyramidalis^ King,’ from 

^ Waagen, Salt Range Fossils, I, p. 679, PI. L, figs. 3-6, 7, (1887). 

•Grabau, Permian of Mongolia, p. 246 ; PI. XXIV, figs. 3, 4, 

8 Diener, op. cit., p. 47 ; PI. VII, figs. 8, 0, (1911). 

« Reed, Pal. Ind., Vol. XVII, p. 37, PI. VI, figs. 3, 3a, (1931). 

• Dunbar and Condra, op. cit. p. 122 ; PI. XV, figs. 13-18d, (1932). 

• Ibid., p. 117 •; PI. XV, figs. 1-10. 

^ King, Geolo^ of the Glass Mountains, Pt. U, Bull. Univ. Tewaa, 3042, p. 60 ; 
PL IV, figs. 7-10, 0930). 
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the Glass Mountains of Texas, may be identical, and its founder 
notes its resemblance to Str. pelargonaius and to Str, pseudo-pelar- 
gonatm, Broili,' from Timor. 

Streptorhynchus {Kiangsiella) pectiniformis (Davidson) ? 

The impression of part of the exterior of one valve of a small 
specimen is probably referable to this brachiopod,® for it shows 
the characteristic marginal radial plications. Its internal charac- 
ters being unknown, we have to put a query to its reference, as 
some species of Meekella seem to be indistinguishable externally.^ 
A species somewhat similar to Sir. pectiniformis has been recently 
described from Western Australia under the name Str, plicatilis, 
ITosking.^ There is a variety of K, pectwiformis described by 
Grabau and Chao ® from the Chihsia limestone of Cliina, but it 
seems more allied to K. tingi^ Grabau, than to our fragmentary 
specimen. 


Orthotetes cf. cajmloides (Waagen) ? 

The internal cast of a small, complete shell with the umbonal 
region of tlie pedicle valve broken ofif, seems to be related to several 
of Waagen’s species of Streptorhynchus, of which the internal charact- 
ers have not been described. In our specimen the characteristic 
large flabelliform muscle-scar, subtruncate anteriorly and divided 
down the centre by a narrow, low ridge is visible and parts of the 
diverging dental plates can also be seen, and traces of the apondy- 
lium. In the brachial valve the muscle-scar seems to be large and 
cordate or subcircular in shape and it is also divided by a weak median 
ridge, but it is not well preserved. The ribbing shows on the interior 
of both valves and consists of fine, radial, thread-like lines, in places 
grouped in twos or threes. The brachial valve is deeper and more 
convex than the pedicle-valve, which is subconical, with a high beak, 
Str. capuloides, Waag.,® of the Middle Productus Limestone of the 
Salt Range may probably be considered as comparable. 


^ Broili, Perm. Brach. Timor, Paldont. Timor, Lief. VII, Abt. XII, p. 5 ; PI. CXV 
(1), fiffg. 4, 6, (1916). 

• llavidson. Quart. Jovm. Oed, Soc., XVIII, p. 30 ; PI. I, fig. 17, (1862). 

» Reed, Pal. Jvd., N. S., Vol. XVH, p. 38, (1931) (for references). 

• Hosking, Jovm, R. Soc, Western Australia, XVIII, p. 48 ; PI. 6, figs. 5a, 5, (1931 - 
32). 

• Chao, JBuU. Oeol. Soc. China, VI, No. 2, p. 106 ; PI. 1, fig. 8, (1927). 

• Waagen, op. cit., p. 682 ; PI. L, fig. 9a-/ 
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If we accept the key to the OrthotetiiMB put forward recently 
by Dunbar and Condra " we must put our specimen in the genus 
Orthotetes rather than in Streptorhynchiis. 


SchucherteUa semiplana (Waagen). 

The Salt Range brachiopod described by Waagen^ as Ortho- 
teles semiplaims is represented in the collection from Htam Sang 
by one good brachial valve, measuring 16 mm. in length, and by 
fragments of others. The generic reference is still somewhat doubt- 
ful, but recently Dunbar and Condra, ^ following Girty,^ have stated 
that Waagen erroneously \ised Fischer’s generic name OrthotcLes 
for the group of shells to which Girty has given the name Schu- 
chertella, Chao ^ has compared a shell from the Chihsia limestone 
of ELiangsu with Waagen’s species and likewise applied to it the 
generic name Schudhertella, 


Strophalosia sp. (PI. 2, fig. 15). 

There is one flattened, or slightly concave, transversely sub- 
cUiptical brachial valve of a productoid shell with a hinge-line 
rather less than its width, the cardinal angles being obtuse, and 
having it^ surface ornamented with fme, somewhat undulating, con- 
centric lines and weak, irregular rugae of unequal strength and with 
small, hollow pustules, which in the umbonal region are numerous, 
closely set, low and vertical, but towards the margins become larger, 
longer, oblique and more widely spaced, forming here recumbent 
tubular spines arranged in roughly concentric and quincunx order. 
We must apparently refer this specimen to some species of Slro- 
phalosia, but Waagen did not figure or describe such a brachial 
valve in any of his species from the Salt Range, though it is possible 
that our valve belongs to some form like Sir. 'iwdosa, Waag.,^ or 
Stf, indica, Waag.’ 

^ Dunbair and Condra, op. pp. 66'75, (19S2). 

® Waagon, op. cit.f p. 608 ; PL LV, figs. 1, 2. 

• Dunbar and Condra, op. cU., p. 70, (1932). 

* Girty, Proc. U. S. Nat. Mus., 27, p. 734, (1904). 

Chao, BuU. Geol. Soc. China, VI, No. 2, p. 107 ; PL 1, fig. 4, (1927). 

e Waagon, op. dt., p. 652 ; PL LXIV, figs. 8, 0. 

Ubid., p. mi PL LXV, figs. 1-4. BroiJi. c< p. 27; PL 118 (4), figs. 9, 

^ 10, (1916). 
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Dimensions. 


Length 13 mm. 

Width 17 mm. 


Productus (Krotovia) cf. janus, Huang. 

The impression and cast of part of the surface of a broken brachial 
valve of a species of Productus in the collection from Htam Sang 
appears to be much like the shells, named and figured Pr. ahichi, 
Waag., by Diener ^ from Kehsi Mansam, but it cannot be referred 
to that species. Our specimen has a subquadrate shape with the 
hinge-line rather less than the width of the valve and a large gently 
concave disk, weakly biiobcd in its anterior half by a very low, rapid- 
ly widening, roimded fold ; the margin of the valve (which is not 
well exposed) is gently geniculated, but the cardinal angles arc 
horizontal and flattened and have slightly defined ears. The 
surface is closely covered with small, low, rounded pustules and 
shallow pits of subequal size, less than their own diameter ajiart 
posteriorly, but more widely spaced anteriorly, and arranged in 
broken, radial lines, while they become smaller towards the margins, 
but again larger and somewhat elongated near the edge ; a rather 
coarse, concentric lineation is also present and there arc a few, short, 
narrow, concentric rugao near the cardinal line bending in and meet- 
ing it at an obtuse angle. The shell when perfect must have meas- 
ured about 27 mm. in length and 30-35 mm. in width. We may, 
with great probability, consider that the species from the Upper 
Carboniferous of Chitral, which the present author - described as 
Pr, cf. pscitdoaculeatusy Krotow, is identical with the present speci- 
men, and its close resemblance to Pr. (Krotovia) pustulalus, Ke}s., 
was then specially noticed. Apart from the bilobation of the sur- 
face the ornamentation much resembles that of the shell from Laos, 
ascribed by Mansuy to Pr, nystianus, De Kon. We may certainly 
refer our specimen to the subgenus Krotovia ojr Avonia rather 
than to the subgenus Waayenoconc/uiy to which Pr, abichi 
belongs. Several species of Avonia from Texas (e.jr., A, meekana, 
Oirty^) have a very similar ornamentation. Pr. (A.) cckidniformis, 


^ Dionor, op. eii, p. 32, PI. V, figs. 1-8, (1911). 

• Rood, Pol. Ind., N. S., Vol. VI, Mem. No. 4, p. 30 ; PI. Ill, fig. 10, (1926). 

• Mansay, Serv. Geol, Indoci^tne^ I, Faac, 4, p. 10 ; PL IV, figs. 2a-A, (1912), 
•King, Unit. Texas, 3042, p. 83 ; PI. XX, figs. 4, 6, (1930). 
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Grabau, em. Chao, but^ especially Pr. {Krotovia) jmstvlaluSy Keys., 
which is figured by Chao^ from China, seem allied to our specimen, 
which is unfortunately too imperfect for a satisfactory determination. 
Huang® has recently described a new species from S. W. China under 
the name Krotovia (Avonia) janus with which our gpecemen may be 
identical. 

Productus (Marginifera) ciJcweichowensis, Huang. (PL 1, fig. 1). 

A complete specimen of a species of Marginifera is imbedded 
in massive, black limestone so as to expose only the whole of the 
brachial valve and the umbo of the pedicle-valve. The shell is 
subovate, as long as wide ; the hinge-line is rather less than the 
maximum width, the cardinal angles being obtuse or subrectangular. 
The pedicle-valve is much swollen and strongly convex ; the umbo, 
which is broad, rounded, much inflated and elevated, rising above 
the hinge-line to a height of more than half the length of the brachial 
valve, is strongly incurved and has a sharp apex, slightly overhang- 
ing the hinge-line ; the umbonal slopes are rounded and descend 
steeply to the small ill-defined ears ; the surface seems to be smooth, 
except for some obscure traces of a few small tubercles on the umbo. 
The brachial valve is transversely elliptical in shape, rather deeply 
concave, and has small slightly flattened ears, indistinctly marked 
off ; most of the surface is too much destroyed to distinguish any 
ornament, but in the anterior part of the middle region there are 
a few elongated small tubercles, and there is a well-preserved, strong, 
concentric, submarginal lamellose ridge, of which the edge is apparent- 
ly armed with small fimbriations, which may represent the ends of 
short, marginal, radial liree. 


Dimensions, 

Length of tdioll ........ 19*0 mm. 

Length of brachial valve . . . . , 11*5 mm. 

Width of brachial valve 18*0 mm. 

.Remarks . — This shell agrees in some respects with examples of 
Marginifera spinosocostata, Abich,* and M. heUca, Abioh,® as figured 


^ Chao, PalceoTU. Sinica, Ser. B, V, Faso. 2, p. 120 ; PI. XIV, figs. 17-27, (1927). 

* JM., Faso. 3, p. 62 ; PI. V, figs. 18-20, (1928). 

* Huang, Palceimt, Sinica, .^r. B, IX, Fasc. 1, p. 66 ; PI. IV, figs. 6, 6, (1932). 
•Freoh and -Arthaber, Beiir. FalceofU, Oesterr, Ungams, XII, p. 262; PI. XX, 

figs. 5-8, (1898). 

* P* 266 ; PI. XX, figs. 10-12 ; Dimmer, HimaL Foss., VoL I, Pt. 6, p. 74 ; 
PL m, figs. 9a-d. 
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by Freeh and Arthaber from Armenia, but it has a more inflated 
pedicle-valve and larger, broader beak and obtuse, instead of pointed, 
cardinal angles. Diener ^ has figured specimens from the Zewan 
beds of Kashmir, which he compares with the former species, but 
it is not known from the Productus Limestones of the Salt Range. 
Freeh believed that Kayser’s Productus nystianus var. lopingensis 
was the same as Abich’s M. helica, but Chao ^ retains the name 
hpingensis for certain Chinese shells. It is much like some of 
Kayser’s ^ specimens from China, termed Prod, aculeatus, Mart. 
\ar., which Chao includes in the same species. We may also doubt- 
fully compare Productus troianus, Enderle,^ from Asia Minor 
(particularly the specimen represented in Enderle’s figure 12), a 
species which was thought to be allied to Pr. uctdeaius, Mart. 
The Chinese species M. jisuensis, Chao,^ which is considered com- 
parable with M. juresanensisy Tschern.,® also seems to be allied to 
our shell, and the Russian species M. involuta, Tschern.,’ to which 
M. morrisiy Chao,® is considered to be related, also appears to have 
many points in common with it. But M. (Spinoniarginifera) 
hioeichotverhsisy Huang,® from S. W. China seems most like it. 

Productus {Dictyochstus) sp. 

One imperfect brachial valve of a species of ProducluSy which 
occurs in the black limestone of Htam Sang, belongs to the semi- 
rcticulatus group. Our specimen only shows part of the flattened 
disc of the valve which has a weak median depression ; the anterior 
part of the shell is seen to have been abruptly gcniculated, but is 
hidden in the tough matrix. The ornamentation is well preserved 
and consists of regular, rather fine, equal, rounded radial lira', 
occasionally bifurcating and crossed by equal regular rounded 
narrow concentric rug® of the same width as the lir®, thus forming 

‘Bienor, Pal. hid.y N. S., VoL V, Mem. No. 2, p. 82; PI. VIII, figw. PI. 

IX, figs. 1, 2, (1915). 

■ Chao, Palasont. Sinica, Scr. B, 6, Faso. 2, Product. I, p. 158 ; PI. XVI, figs. 8-12, 

(mi). 

•Kayaor in Richthofen’s * China*, IV, PI. XXVI, figs. 1, 2, {non cct.) (1884). 

• Enderlo, Beitr. PalaeotU. Oesterr. UngamSy XIII, p. 70 ; PI. VII, tigs. 7, 12, (11HK>). 

•Chao, op. cii.y p. 140; PI. XV, figs. 15-24, (1927). Grabau, Permian of Mon- 
golia, p. 303; PI. XXIX, figs. 16-24; PI. XXX, figs. 15-19, (1931). 

• Tsohemyaohow, Mem. Ctun. Oeol, Rvas.y XVI, IH. 2, p. 052 ; Id. LX, fig. 18, (1992). 

’ TschemyBohew, op. cii., pp. 321, 645; PI. XXXVI, figs. 7, 0, 13; PI. LVIII, 

figi. 4-6 (1902). 

• Ohao, op. cit.y p. 162 ; PI. XV, fics. 28-30, (1927). 

• Hoang, op. cU., p. 56 ; PI, V, figs. 1-11, (1032). 
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i^nlar radiftl and concentric series of small ronnded nodules. The 
ciudinal angles seem to have been subrectangular or slightly obtuse, 
the concentric rugce meeting the hinge-line nearly nt right angles. 
Our specimen seems to be identical with those from Kehsi Mansam, 
which Diener ^ attributed to Pr. gratiosus, Waag., but this specific 
reference cannot be considered as correct.* Dicner’s Pr, semi- 
reticulatus, Mart., from Chitichun * seems to have very similar 
characters to our shell, and Mansuy’s ^ Pr. cf. transver salts ^ Tschcrn., 
from Laos is perhaps identical with it. But there are so many 
species of the semireticulatus group which present closely similar 
characters in the brachial valve that we are unable to decide to 
what species it is most nearly allied. 

Chonetes sp. 

There is one poor specimen of a species of Chonetes having a 
subquadrate shape and small, slightly pointed, depressed, cardinal 
angles. The pedicle-valve, which is alone known, is rather strongly 
convex and is bilobed by a broad, deep, rounded sinus, increasing in 
width anteriorly and widely notching the anterior edge. The 
surface is covered with numerous, fine, sharp, rounded, radial thread- 
like lines. 

This specimen does not seem to be referable to any of those 
figured by Waagen from the Salt Range, but is probably allied to 
Ch. molleri, Tschem. var. camica, Gortani,® from the Camic Alps 
or to Ch, latesinmta, Schellw., which Chao ® figures from Shansi. 
A variety of this species has been described by the present author 
from Chitral.’^ 

Dimensio 

Length . . 5-0 mm. 

Widtli 8*0 mm. 

Camarophoria cf. nucula, Schell wien. 

There is one somewhat broken specimen of a much swollen, 
subcircular, rhynchonelloid measuring about 10 mm. in length and 

^ Dioner, (m, c»f., p. 27 ; PL IV, figs. 6-8, (1911). 

* Dienor, HimaL Foss, Vol. 1, Pt. 3, Pal, Ind,^ p. 18 ; PL 11, figs. 1, 3, 6 ; PL II, 
figs. 1, 2. 

• Reed, Pol. Ind„ N. S., Vol. XVH, p. 8, (1931). 

•Mansuy, Mhrit Serv, Oeol, Indochine, VII, Faso. 1, p. 66 ; PL VI, fig. 8, (1020). 

* Gortani, Bull, Boc. Oed, ItaL^ XXIV, p. 638 ; PL XIV, figs. Ifi, 17, (1905). 

• Chao, op. eii., p. 22 ; PL II, figs. 842, (1928). 

» Boed, Pal. Ind., N. S., Vol. Vf, Mem. No. 4, p. 81 ; PL IH, fig. 6, (1926). 
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the same in width and about 7 mm. in thickness. The pedicle- 
valve is shallow, but strongly arched from back to front and shows 
a deep, wide, sharp-edged sinus, holding a pair of low, equal, narrow 
ribs on its flattened floor, each of which is divided near its end by 
a short median groove ; the marginal ribs which form the edges 
of the sinus diverge strongly and rise steeply on each side, being 
very high, narrow and acutely angular at their front ends ; there 
is one rather lower similar rib on each lateral lobe. The brachial 
valve is much inflated and has a low median fold, with raised angular 
edges anteriorly, but the middle of the fold (which is not well pre- 
served) is depressed ; the lateral lobes arc smooth, except for the 
presence of one weak rib, and descend steeply on each side. The 
umbonal region is partly destroyed in both valves, and we do not 
know the internal characters. But we may compare this specimen 
with Camarophoria nucula, Schellw.,^ from the Trogkofel beds rather 
than with C. globulina, Phill., from the Salt Eange as figured and 
described by Waagen,^ though the latter is a very variable species 
and many different forms of it have been recorded from the Permian 
of Europe and Asia. The figures of a shell from Timor attributed 
by ITamlet ® to C. nucula, Schellw., do not much resemble our shell, 
but some of the small specimens which Broili ^ would include in 
C. purdonif Dav., though utterly unUkc the type oX that species, 
bear a greater resemblance. 

The author has recently described a variety of C. nncula under 
the name saxaiilis ® from the Productus Limestone of the Warcha 
section in the Salt Range, but it has several longer and stronger 
ribs on the valves, and three ribs occur in the sinus. 

Spiriferina (SpirifereUina) shanensis, sp. nov. (PI. 1, figs. 7-7c). 

Shell transversely semielliptical, unequally biconvex ; cardinal 
angles sharply rounded ; hinge-line slightly less than maximum 
width of shell. Brachial valve convex, deeper than opposite valve, 
with narrow, prominent, subangular, steep-sided median fold, becom- 
ing higher and more angular in front ; four slightly smaller, lower, 

^ Sohelhrieo, Abh* JT. geol. BekkmrtM.t XVI, p. 100 ; PI. XV, figs. 7, 8, (1900). 

* WM^n, op. cit., p. 443 ; PI. XXXIII, figR. 13, 14. 

* HajSet, Perm. Braoh., ©to., Timor, Jaarb, Mijn. Ned, Ind,, Verb. IT, (1928), 
p.59;Pl. IX, 1,2,(1927). 

* Broili, PaicBoni, Timoff Lief, VII, Abt. XII, p, 55 ; PI. CXXV, (11), iigs. 20-22 
(non cet,) (1916). 

‘ Pal. Jnd., N. Vol. XVII, p. 35 ; PI. VI, figs. Me, 2, (1931). 
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similar subangular folds occupy eaoh lateral lobe, all of equal size 
but successively decreasing in height and the outer two curving 
slightly back ; a fifth shorter and much smaller fold lies along the 
hinge-line ; interspaces between lateral folds deep, acutely angular, 
equal, except the interspace on each side of the median fold which 
is larger and wider than the others. Pedicle-valve, with high, gently 
incurved, pointed beak, and concave, rounded umbonal edges 
diverging at 110°-120® ; hinge-area high, triangular, concave, nearly 
vertical, with large, wide, triangular delthyrium ; median sinus 
of valve deep, angular, simple ; four subangular prominent folds 
on each lateral lobe, the inner ones being the largest and forming the 
elevated edges of the sinus, a fifth shorter, narrower, lower fold lying 
along the cardinal edge. Surface of both valves crossed by numer- 
ous regular, equidistant, rather thick, equal, imbricating concentric 
lamellae. Shell-substance densely punctate. 


Dimensions. 

Length of pediolo-valve ...... 8-5 mm. 

„ brachial valve 6-6 mm. 

Width 11*6 mm. 

Depth ......... 5*5 mm. 


Remarks, — There is one complete example of this new species in 
the collection together with some fragmentary specimens. It 
differs from the Salt Range form of Sp, cristaia, Schloth.,^ in its 
curved lateral folds, smaller number of folds, narrower median 
fold and strong concentric lamellation, though one of Waagen’s 
specimens of Sp. cristata has a similarly reduced number of folds. 
The species Sp. ornata, Waag.,^ and Sp. insculpta, Phill.,* which 
are closely allied to each other (as Nikitin ^ has remarked) seem 
to be nearer our shell, and Sp. svbcristatay Netsch.,® may also be 
mentioned. The name Mata was proposed in 1919 by Fredericks 
for the group comprising Sp. ornatay but it is pre-occupied, as 
Schuchert and Le Vene ® have pointed out, and Pseckelmann is 

1 Waagen, op. oit.y p. 490 ; PI. XLIX, figs. 3-7. 

« Ibid.y p. 606 ; PI. L. figs. 1, 2. 

8 Davidson, Mop. Brit. Foss., Brach., II, p. 42 ; PL VII, figs. 48-66 ; Ibid., TV, 
PL LIT, figs. 14, 16. North, Quart. Joum. OeoL 8oc., LXXVI, p. 217; PL XIII, 
fig. 11, (1920). 

* Nikitin, Mem, Com. Oeol. Rubs., V, pp. 67, 166, (1888). 

•Netsch^jo^, Mem. Com. Oeol. Buss.,^. 8., Livr. 61, p. 90 ; PL XII, figs. 16, 17, 
( 1011 ). 

• Schuchert and Lo Vene, iimer. Joum, 8c., XVII, p. 120, (1029). 

f Fsokolmanm Neues Jakrb.f* Miner., eto., BeiL w. LXVII, Abt. B, p. 61, (193?). 
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probably correct in maintaining that it may be included in Frede- 
ricks’ group Spiriferellina. We may observe that insmlpta 

var. indosinensis, Mansuy,^ from Cambodia bears a considerable 
resemblance to our species, and North’s Sp, octoplicata mut. 8 * 
is also comparable. 

Spiriferina {Reticulariina) conquisita, sp. nov. (PI. 1, figs. 8, 9.) 

Shell transversely subtriangular, with more or less acutely point- 
ed cardinal angles. Brachial valve gently convex, bearing three 
straight, strong, rounded radiating lateral folds on each side of the 
more elevated similar and scarcely wider median fold, all separated 
by deep, somewhat wider, concave interspaces ; the outermost lateral 
fold lies along the hinge-line. Surface coarsely pustulate, being 
covered with numerous, prominent, equal and equidistant papill®, 
each perforated by a minute apical pore. 

Dimensions. 

Length . ....... 8*5 mm. 

Width . . ..... 11*5 mm. 

Remarks, — There is no resemblance of this species to Sp, ska- 
nensisy the rounded character of the folds, tlieir small number and 
especially their papillate ornamentation being distinctive. Only 
one specimen in the collection, consisting of the left half of a brachial 
valve, has the surface well preserved. Sp, spinosa, Norw. and 
Pratt,® which belongs to Girty’s ^ group spinosa and which Fred- 
ericks ® chose as the genotype of his genus or subgenus Retwidariinay 
seems to be the nearest ally and Sp, laxa, Girty, ^ of the Guada- 
lupian formation, etc. may also be compared. 

Grabau’s species Sp. mongolica ’ bears a considerable resemblance 
to our species in shape and widely separated folds. 

Squamularia asiatica, Chao. 

The Permian shells which Waagen,® Mansuy, Broili and others 
referred to Reticularia lineata (Martin) of the Lower Carboniferous 

1 Mansuy, op, ciU, III, Faso. 3, p. 23 ; PI. IH, figs. ^1% (1914). 

‘North, op. cit.y p. 217 ; PI. XllI, fig. 9, (1920). 

‘Norwooa and Praiten, Joum, Acad, Nat. 8ci, Phxladeiphiay Ser. 2, p. 71 ; PI. 0, 
tig. 1,(1856). 

* Girty, V. 8, Oed. Surv. Prof. Paper 108, p. 373, (1908). 

‘ Froderioks, Mem. Com. Qeol. Puss., N. S., Livr. 156, p. 16, (1916). 

^King, Bull. Univ. Texas, 3042, p. 122 ; PL XLII, figs. T-ll, (1930). 

’ Orabau, op. ciL, p. 206 ; PL IX^ pp, 5, 6, (1931). 

‘ Waagen, op. eit., p. 540 ; PL XLll, figs'. 6-8. 

H 
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of England have been long recognised as distinct, and Chao ^ has 
recently placed them in a new species of Sq'fiafnularia and carefully 
defined it under the name Sq. asiafica. There is one good example 
of a pedicle-valve of this species from Iltam Sang, showing the 
ornamentation and measuring 20 mm, in length and 25 mm. in 
width. The validity of the genus Squaomlarui ha-^ I een f:e([iiently 
disputed, but Dunbar and Condra ^ are amongst the most recent 
supporters of its separation from Reticularia. 

^quamvlaria duplex, sp. iiov. (PI. 1, figs. iAd). 

Shell transversely subcircular, rather wider than long, unequally 
biconvex. Pedicle-valve convex, with rather high, swollen beak, 
slightly incurved, rising well above that of opposite valve ; um- 
bonal slopes rounded ; hinge-area small, concave, triangular, steep- 
ly inclined. Brachial valve transversely elliptical, wider, short(‘r 
and less convex than other valve, with small, slightly elevated and 
incurved beak. Surface of valves ornamented with numerous 
rather thick, imbricating, concentric lamellae of equal or subequul 
width, bearing on their surface a series of closely placed, equidistant, 
small, fine, recumbent, hollow spine-bases, each of which expands 
and swells towards its anterior end ; immediately in front of tliem, 
and alternating with them on the edge of each lamella, there is an 
equal number of similar but smaller and much shorter spine-bases, 
sub-tubercular in character. 


Dimensions. 

Length of pedicle-valve 

Width of pedicle-valve 

Thickness of shell .... 

Length of brachial valve 


14 0 mm. 
14*() mm. 
100 ram. 
]2*5 rara. 


Remarks. — In general characters this species much resembles 
Squamidaria omta, Chao,^ from China, but the double series of 
marginal spines on each lamella is a distinct feature. Sq. asiatica, 
Chao,^ is also closely allied but in both of these species the inner 
and outer marginal series of recumbent spines on the lamelte are 
much more numerous and finer. 


' Chao, Paheont. Sinica, Ser. B, XI, Ease. 1, p. 91 ; PI. XI, figs. 12-14, (1929). 

* Dnnl^r and Condra, op. cit., p. 311, (1932). 

*Chao, Palaeont. Sinica, Ser. B., XI, Fago. 1, p. 89, PI. VIII, figs. 20-22, (1920). 

* Chao, Palaeont. Sinica, Ser. B.. XI, Faac 1, p. 91 ; PI. XI, figs. 12-14, (1020). 
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Squamularia ? indica (Waagen). 

Tlie Salt Range species which Waagen^ described as Reticula, ia 
iudiai, but which Ohao ^ refers t-o SquamularUi, is represented by 
one large pedicle-valve measuring 60 mm. in length. The presence 
of minute spines on the edges of the thin concentric lamellae is only 
visible in a few places of our specimen, and we may doubt if the 
shell is truly referable to Squamidaria. Grabau ^ has recorded 
this species from tlie Permian of Mongolia. 

Martinia dispafy Diener ? 

There is one large crushed specimen of a species of Martinia 
showing the pedicle-valve and measuring aV>out 80 mm. in transverse 
width which probably belongs to the species M. dispar, Diener,* 
whi(*h has only been desc*ribed from the Southern Shan States. 
But it is kK) imperfecd for a precise determination. 

Martiniopsis latomdieiy Diener ? 

This species which Diener ^ founded on specimens from Kehsi 
Mansam seems to be represented only by one poor example from 
Htam Sang wdiich is weathered out partially on the surface of a 
slab of rock and measures 28 mm. in length and 40 mm. in width. 

Martiniopsis cf. subpentagonalis, Waagen. 

The posti'rior part of a crushed pedicle-valve of a shell with a 
transversely elliptical shape, measuring 40-50 mm. in width, 
appears to be comparable with one examph* of the species Mart- 
iniopsis sabpenfagonalis, Waagen ® from the Lower Pr<Kluctus Lim<‘- 
8tom‘ of the Salt Range, for it shows the pair of long, very slightly 
divergent dental plates in the interior, and in it« external shape, 
long hinge-line and other characters it be^irs a close resemblance, 
l^eidhold and Pfieckelmami ® do not see any reason to separate the 
genus Martiniopsis from Marliniay but this opinion is not generally 

"Waagen, op. city p. 842 ; PL XLIII, fig. 6 ; PI. XLIV. fig. 21, 

Chao, op. tit.y p. 96, (1929). 

3 Grabau, op. city p. 200 ; PL XVIII, figs. 2-4, (1931). 

* Diener, op. cit., p. 4 ; PL I, fig. 1, (1911). 

Diener, op. city p. 7 ; PL 1, figs. 3-6 ; PL III, fig. 2, (1911). 

* Waagen, Salt Range Fossils, 1., p. 627 ; PL XLIII. fig. 1. 

’ Leidhold, Ahh. Preiats. geot Laudemnst., N. F. KHl, pp. 76-86, (1928), 

* P»ukolmauii, op. cit.y p. 47, (1932). 

h2 
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held, and George ^ states that the genotype of Martinia (Spirifer 
glaber, Mart.) has no dental plates whereas Leidhold declares that 
it possesses them, as does Martiniopsis. 

Notothyris exUis, Gemmellaro, var. 

There is one small example of a species of Ni^hyris from Htam 
Sang showing the brachial valve and beak of the pedicle-valve, which 
may be attributed to a variety of N. exilis, Gemm. It much 
resembles the example from Chitichun figured by Dieiier^, but it 
is rather broader and thus approaches N, subveiscularis (Dav.)^ 
in shape, though Waagen ^ figured a specimen from the Salt Range 
with 7-8 short folds round the margin whereas our specimen has 
only four on the anterior portion of the valve aiid the se not more 
than one fifth its length. N. irregularis, Grabau, ® from the 
Permian of Mongolia, may be compared, and N. schuchertensis, 
Girty,® of the Guadelupian fauna is allied. 

Dinmisions, 

Length 10-5 mm. 

Width 8-5 mm. 


Notothyris nucleolus (Kutorga). 

This well-known species ^ is represented by one or more im- 
perfect specimens from Iltam Sang. Diener ® has figured it from 
Namun in the Northern Shan States, 


Notothyris persimilis, sp. nov. (PI. 1, figs. 6-6d). 

Shell biconvex, somewhat compressed anteriorly, sub-ovate, 
elongated, subtruncate anteriorly, widest in front of middle. 
Pedicle-valve longer and more convex than opposite valve, having 
much elevated, prominent, narrow, sub-tubular umbo, rising high 


• George, OeoL Mag., LXIV, p. 110, (1927). 

• Diener, Himal. Foss., 1, Pt. 6 , Pcd. Ind. ^r. XV, p. 39 ; PI. II, figs. lOa-d, (1903). 
■Davidson, Quart. Joum. Oeol. 8oc., XVIII, p. 27 ; PI. I, fig. 4, (1862). 

■ Waagen, op. cit., p. 378 ; PI. XXVUI, figs. Sa-d, 4. 

• Grabau, op. cit., p. 116 ; PI. VII, fig. 6, (1931). 

• Girty, U. 8. Qeol. Surv. Prof. Paper 58, p. 336 ; PL XV, figs. 26-26c, (1908). 
»Broih, op. cii., p. 66; PL CXXVI, (12), fig. 4; PL 127 (13), figs. $-10, 12-15 

(and references), (1916). 

• Diener, op. cit., p. 53 ; PL VU, figs. 13, 14, (1911). 



Pam 1.] 


CowPBR Bebd : AnthraoaUihtc Faunas. 


101 


above that of brachial valve, gently incurved and truncated by 
large, circular, apical foramen ; umbonal shoulders rounded, long 
and diverging with a gently concave curvature at about 30° ; inner 
umbonal slopes below apex somewhat excavated ; surface of pedicle- 
valve convex, strongly arclied from back to front, somewhat flatten- 
ed transversely towards anterior end, having, a siiallow', round<'d, 
narrow, median sinus for more than half its length, widening ante- 
riorly and bounded by a pair of narrow, low, sharply rounded, slightly 
divergent folds which increase slightly in heights in front, having on 
each side of them a short, shallow, rounded similar sinus, thus produc- 
ing three small, but well-marked, narrow undulations on the anterior 
margin ; the lateral margins of the valves unite in a siin])le wid(' 
cur\i\ Brachial valve moderately convex, most so posteriorly, 
with thr(‘(‘ W(*ak low sharjfly rounded folds near its anterior margin 
corresponding to the siniiatious in the opposite valve, the median 
one being the strongest ; umbo high, sharply pointed, swollen, ris- 
ing well above hinge-line gently incurved and having concave lateral 
shoulders, thus causing a gentle undulation in the posterior lateral 
union of the valves. Surface of shell ornamoiited with a few, regular, 
thin, concentric, lamellose growth-ridges and striae and covered with 
very fine punctae arranged closely in minute undulating, concentric 
lines. 


Di7nensions, 


Length of pedicle- valve 12 0 mm. 

„ brachial valve 10 0 mm. 

Width 9*0 mm. 

Depth of shell . 6*5 mm. 


Remarks . — There are two good specimens of this species, the 
larger of which has the measurements above given. It is closely 
allied to Notothyris ovalis, Gemm., as figured by Schellwien ^ from 
the Trogkofel beds, and less closely to N, nucleolus (Kut.)- and to 
N. ^nediterraneay Gemm.,® though the two latter species vary some- 
what in shape. Our new species has a more elongated and prom- 
inent beak to the pedicle-valve and longer and more sloping shoulders 

^SoheUwien, Fanna, Trogkofekoh., Ahh. h. geol. Beichsanst, XVI, p. 103; PI. XV, 
figs. 9-12, <1900). 

• Broih, Paheont. v. TKmor, Lief. VII, Abt. XII, p. 66 ; PI. CXXVI (12), fig. 4 ; 
PI. CXXI^I (13), figs. 8-10, 12-15, and references (1916), Graban, Permian of Mongolia, 
p. Ill ; PL V, figs. 3a-d ; PL VDCI, figs. 7, 8, (1931). 

• GenunelLaro, Fauna, oalo. Fusul., Faso, 4, Pt^ 1, p, 244 ; PL XXVI, figs. 1-6 ; 
PL XXVn, fig, 59 ; Gortani, Palaoni. lUd., XII, p. 47 ; PL UI, figs. 17, 18, (1906), 
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than either of them ; and the beak of the brachial valve is more 
like that of Spirigerdla ndniUa, Waag. As above remarked, Dioner 
recorded N. nucleolus from the Shan States, but it is not the same 
species as the one here described. But the form from Ohitichuii 
figured by Diener^ as N. mediterranea, Gemm,, is very much like 
our species, and it is probable that the shell from the Permian of 
Timor compared by Broili^ with N. mediterra'nea, Gemm., is identical 
with it. 


Athyris (Cleiothyridina) pectinifera (Sowerby). 

This typically Permian species, as interpreted by Tscherny- 
Bchew and Netschajew ^ from the Upper Carboniferous of the Urals 
and Permian of Russia an<l by Ozaki ^ from Cliina, is represented 
by several small specimens from Htam Sang, varying in shape 
from circular to subelliptical. One of our speeiinoiLs measuring 
12 mm. in width and 11 mm. in length has the surface of the brachial 
valve weathered away exposing the intoior and the spiralia ; there 
is a thin median septum reaching less than half the kuigth of the 
valve, and the spiralia, which point forwiirds and outwards and 
nearly touch the anterior lateral edges of the shell, coiLsist of 9-10 
coils. This species has also been found by the author on the* 
Taung-gyi-Mong Pawn road. It is probabh' that many of the 
shells recorded from tlie Permian of various localities in Asia as 
A. roissyit L’Ev., should be placed in ^1. pcclinijvra, foj* tliey show 
no fold or sinus on the valves, are uniformly biconv(‘X and have 
coarser and fewer concentric fringed lamintc on the surface. 

Spirigerella derbyi, Waagen, var. 

This variable species is represented by one complete, but partially 
imbedded, specimen which resembles the more oval form with higher 
beaks to both valves which Waagen ^ illustrates from the middh' 
Productus Limestone on the road between Vurcha [— WarchaJ 


1 Diener, Himal. Foss., 1, Pt. 5, Pal. Jnd., Ser. XV, p. 38 ; PI. 11, figs. 14, 15. (? PI. 
Ill, fig. 14), (1903). 

2 Broili, Of). cU.y p. 08 ; PI. CXXVll (13), figs. 11, 10-21 (1910). Hamlet, ojt. cU., 
p. 71, (1927). 

* Tschernyschow, op. cit., pp. 102, 511 ; PI. XLlll, figH. 4-6, (1902) ; Netschajew, 
Mem. Com. Oeol. Mvsd., N. S., Livr. 61, p. 96; PI. Xlll, figs. 8-15, (1911). 

* Ozaki, Up. carb. Brach. N. China, BvU. Shanghai Se. InsHt., 1, No. 6, p. 177 ; 
PI. XV, figs. 20, 21, (1931). 

* Waagen, op. cit., p. 463 ; PI. XXX VI, fig. 12. 
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and Uchali’, but it is unlike the commoner, more pentaj^onal and 
subcircular forms with wider umbonal angle as figured 1)}’ him.' 

SpirigereUa ytraelonga, Waagen, var. nov. shanemis (PL 1, figs. 6-6^Z). 

Shell elongated oval, narrow, carinated, pointed in front, swollo?^, 
with long slo})ing shoulders extending to middle of shell. Pedicle- 
valve strongly arched from back to front, somewhat flattened 
behind transversely, produced in front into acutely point(‘d angular 
tongue ; surface with narrow subangular median sinus arising in 
front of umbo, and increasing in depth anteriorly, augulating anterior 
lialf of valve ; umbo high, sharp, incurved. Brachial valve d(*ep, 
witli median subangular carination, the sides steeply sloping down 
and mor(^ or less flattened ; umbo high, prominent, sharply pointed. 
Union of valves forming a broad sigmoidal undulation on eacli side 
of umbo aiul (curving u}) sharply in front to form acutely angular 
median junction. Surface marked with concentric growth-line , 
strongest near the margin. Shell substance densely punctati*. 

Dirnetii>ioni>. 

Lt'n^th ......... le O mm. 

Width ......... 11-0 jnm. 

Thickness ........ tCO mm. 

Hvnidrlxs. -The shell is more sharply carinatod and is more 
acutely pointed in front than the typical Salt Kangc sp(‘cics t>>p. 
pr(i(Umya, Waagt‘n,- and has also a deeper median sinus, and it 
soiiK'W’hat resembles Sp. minuki, Waag.’^ It is miieh like tin* variety 
of pnulohga from the Salt Haiige which tlie present author has calk'd 
carinutd,^ but it has a more jKtiuUHl anterior end and more dccfily 
grooved pcdich*- valve. ComposUa persiumki (M(^ok)^ from the Glass 
Mountains of Texas bears a considerable external resemblance. 

Lyttonia nobiHs, Waagen. 

This well-known specio.s ® is rejJresenU'd by. one interior of a 
large shell mcfisunng over 50 mm. in length. It has not previously 

1 Ibtd., PI. XXXV, tigs. 4-7, y-13. 

* (>p. cU., p. 4(>7 ; PI. XXXVII, figs. I()ff->i. 

* Wartgon. op. cit., p. 46<) ; PI. XXXVIII, figs. 3-4. 

* R«od. Pal. Ind., N. B.. Vol. XVII, p. 30 ; PI. V, figs. 0, On-rf. (1031). 

» King, Bull. Univ. Texas, 3042, p. 130 ; PI. XLll I, figs. 18, 10, (1030). 

•Waagen, op. Hi., p. 308; PI. XXIX, figs. 1-3; PI. XXX, figs. 1, 2, r<, 0, 8. 

R«ed, Pal. Ind.. N. S., Vol. XVII, p. 39. (1031)- 
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been rec5orded from the Southern Shan States. Hamlet ^ who 
records it from Timor considers it and the other Salt Range species 
L. tenuis^ Waag., to be identical with L. richthofeni, Kayser, but 
Grabau * and Huang^ retain Waagen’s name, and Mansuy * has likewise 
done so for the Indo-Chinese examples. Girty’s species L, amerimna ® 
from the Guadalupian of Texas seems to be closely allied, and recent- 
ly King ® has put it as merely a variety of the Salt Range L. nohilis. 
The species L, nobilu appears to have been recognised only in l)eds 
of Permian age, and is specially cliaract^ristic; of that formation 
throughout Asia. 

Bryozoa. 

Fenestella gemrnafa, sp. nov. (PL 2, fig. 2). 

Zoarium composed of regular, parallel, closely placed, thick, straight 
branches, less than their width apart, connected at equidistant 
intervals by very short, stout, depressed, horizontnl dissepiments, 
rather irregularly alternating, narrower than the branches, but 
swollen in the middle into a low, rounded boss, as high as the branches. 
Branches with narrow median keel separating the two rows of 
regular, large, equidistant pores set at about their own diameter 
apart, not projecting laterally, and numbering 3 4 to each fenes- 
trule with usually one at the base of each dissepiment. Fenestrules 
elongated, narrow, subelliptical, of equal size, about twice as long 
as wide, rather narrower than the branches. 10-11 branches 
occur in a transverse width of 5 mm. and 5-6 fenestrules in a length 
of 5 mm. 

Remarks. — The striking peculiarity of this species is the swollen 
nature of the dissepiments on the poriferous face of the zoarium. 
Ulrich’s species Hemitrypa aspera, ’ from the Keokuk formation, 
has the swellings on the reverse face of the dissepiments and therein 
differs from our species, but the closely placed branches and short- 

^ Hamlet, Perm. Braoh. etc. Timor, Jaarb. Afijn. Ned. Ind. Verhand. II, p. 31 ; 
PI. VIk figs. 1-4, (1927). 

• Grabau, op. cit., p. 285 ; PI. 28, figs. 3-6, (1931). 

• Huaug, op. cU., p. 89 ; PI. VII, figs. 9, 10 ; PL Vm, figs. 8, 9 ; PI. IX, figs. 1-8, 
(1932). 

♦Mansuy, op. cU., II, Paso. 4, p. 123, PL XUI, fig. 10, (1913). Ibid., m, Faso. 
3, p. 82 ; PI. VX, figs. Ta-d ; PL VII. figs, la-c, (1914). 

» Girty V. 8. Oed. 8urv. Prof. Paper 68, p. 212 ; PI. IV, figs. 8-86 ; PL XXV, 
figs. 1.3a, (1908). 

• King, Bull. Vniv. Texas, 3042, p., 103 ; PL XXXI, figs. 10-13 ; PL XXXII, figs. 
1-9, (1030)* 

» Ulzi<^ Qed. Burv. IlUnois, VIII ; p. 563, PL LVII, figs. 4, 4a./, (1890). 
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ness of the dissepiments and comparatively few and large pores on 
the branches recall more than one species of this genus. However, 
in our specimen there is no trace of the presence of any tcgmen as 
in Hemitrypa, so that we must refer it to the genus Fenesiella, The 
zoarium of F. saraneayia. Stuck., ^ seems to resemble our species 
in the character of the branches and pores, but it has no swollen 
dissepiments, and apart from this feature w^e may especially compare 
F, ])ulchradorsaKs, Basal, ,2 from the Permian of Timor. 

Feiicstelh multi7}0(!tilma, sp. nov. (PI. 2, figs. 1, lu). 

Zoaiium composed of rather thick but small parallel branches 
ranOy bifurcating, connected by depressed, stout dissepiments at 
regular intervals, forming equal subquadrate to sulx ircuLir fenes- 
t rules. Branches with carina bearing numerous, prominent, e(pji- 
distant, rounded nodules, about 3 to each fenestrule ; zooecia large, 
projecting into fenestrules, few in number, one only in the middle 
of each fenestrule and one invading the base of each diss(‘piment, 
which is expanded for it at its junction with the branches. 9-10 
fenestrules to every 5 mm. longitudinally, and 9-10 branches to 
every 5 mm. transversely. 

Reimrics , — This small zoarium of which some of the pncvimens 
are beautifully preserved is marked by the coarse nodules along the 
carina. The small number and arrangement of the pores and shape 
of the fenestrules is much like jF. pannmcula, Bassler,^ of the Per- 
mian of Timor and F, eliLsa, Reed,'* from the Permian of Yumian. 
Perhaps Diener’s ® F, perelegans. Meek, from Namun is referable to 
our now species. F, pectiniSy Moore,® of the Pennsylvanian of 
Texas, appears to be almost identical with it, and the WVst Austra- 
Uau species F, horologiay Bretnall,^ is also comparable. 

Fenesiella sp. a. 

The reverse face of a zoarium of a species of Fenesiella with 
small meshes shows 9-10 fenestrules in a longitudinal distance of 

^ Stuokeinberg, Mem, Com, Geol, Buss,, X, No. 3, pp. 149, 234 ; PI. XXI, fig. 16, 
(1896). 

■ Basaler, Perm. Bryo*. Timor, Palcermi. Timor, Lief. XVI, Heft 28, p. 74 ; PI. 
CCXLIV (W), fiig. 12, (1929). 

^Basaler, op, p. 76 ; PI. 241 (17), figs. 8-13, (1929). 

• Reed. Pal, Ind., N. 8., Vol. X. Mem. No. 1, p. 114 ; PI. XI, figs. 12-14, (1927). 

® Diener, op, cii,, p. 60 ; PI. VII, figs. 18, 19, (1911). 

• Moore, Joum, Palceout,, III, No. 1, p. 18 ; PI. 2, figs. 8-10, (1929). 

^ Hoflking, Joum, B, 800 , Westsm Australia, XVII, p. 13 ; PI. IV, fig. 3, (1930-31). 
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5 mm. and 11-13 in the same transverse distance. The branches 
are straight, parallel and occasionally bifurcate, and they bear a 
few irregularly distributed small prominent nodes and granules ; 
the dissepiments are rather thinner than the branches, and equi- 
distant. The fenestrules which are subquadrate to subelliptical 
in shape, and about li times as long as wide, are wider than the 
branches and alternate with considerable regularity. We hesitate 
t-o refer this form to F. perelegans^ Meek, though the size of the 
fenestrules and their number in a given distance are closely similar. 


Fenestella ? sp. b> 

The reverse face of part of a zoariimi of a species of a bryozoan, 
probably referable to Fevcstclla rather than to Polypora, sliows a 
series of narrow, straight, rounded, regular, parallel, or slightly divergent 
branches, rarely bifurcating and connected by extremely slender, 
straight, horizontal, depressed dissepiments, set up at equal distances 
apart and forming subquadrate fenestrules about 4-5 times as 
wide as the brandies. Tlie branches are not all of the same thick- 
ness, but are all finely granulated, and there arc also irregularly 
distributed on them, a few small, sharp nodes or ))ustules. In n 
longitudhial distance of 5 mm. there are 5-C fenestrules and in a 
similar transverse distance there are G-7. The feature of som<‘ 
of tlie branehoB being 1 bicker than others is peculiar, but it is found 
in F, surculom, Eichw.J from the Upper Carboniferous of Kusshi, 
which resembles our specimen also in the thinness of tlie dissepi- 
ments, but not in the regularity of their disposition. 


Polypora loninckianay Waagen and Pichl. var. nov. postern. (PI. 

figs. 11, 11a). 

Zoarium composed of rather thick, rounded, somewhat flatteiuMl, 
subparallel, slightly flexuous branches occasionally bifurcating, most- 
ly ‘less than their width apart and coniiected at irregular intervals 
by very short, narrower depressed dissepiments, the branches usually 
approaching each other at the junctions. Poriferous surface 
rounded, occasionally unevenly swollen or transversely con- 
stricted ; pores small, circular, widely separated, about twice their 


» Stuokenberg, op, cit,, p. 143 ; PI. XXI, Ega. 3, 4, (1836). 
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(iiaiTK'tor apart, arranged alternately in 4-6 rather irregular long- 
itudinal rows, and having a general diagonal distribution ; some of 
the pores, especially those along the edge^ of the fencstrules, are 
el(‘vated on small projecting tubercles, and there are a few sp(‘cially 
large' pfominent pores on larger swellings or mammilla* irregularly 
seattoed about on the branches ; the dissepiment-s usually bear 
1-2 pores at each end of their base and occasionally one 
or mov* in the middle. Fenestrules elongated, oval, of ratlier 
unequal length. 


Dimensions. 


J^'ngth of portion of zoarium . . . . 

Width of portion of zoarium slum in;; tfii pHndkl 
brniuhcN ....... 

A\oi“aKo width of hranchot? . . . . . 

Lolled b of frnoHtruk'H . . . . . 


r. 28 mm. 
J8 ram. 

Ii 0-3‘r> ram. 


According to Bassler,^ the genus ‘ Thamtiiscns differs 
from Polifpora in that the branches bifurcate more freely and the 
dissepiments art* eitlier ('iitin'ly wanting or occur at very irregular 
and much longer intervals'. The two genera are thus undoubtedly 
vcjy closely allit'd, and tJie refertmee of this species is rather un- 
certain ; but the fairly regular disposition and frequency of the 
dissejiiments inclines us to place it in the somewhat multiform genus 
Folffpora, and tlu'ir great reduction in length and occasional ])ori- 
ferous character as well as the general features of the zoarium indicate 
that it is closely allied to tlie first figured specimen of I\ konino* 
kiatui, Waag. and Pichl, from the Salt Range. From the typical 
1\ koninckiatui, howexer, it differs in the irregular subnodulose 
surtace of the branches and espc*cially in the elevation and promi- 
nence of some of the zocecia, thus resembling P. timorensis, Bassler,^ 
from tli(* Permian of Timor and P. valida, Moore, ^ from the Penn- 
sjlvaniaii of Texas, but it is to the Salt Range species as here restrict- 
ed that it shows the closest relations, and it may be regarded as a 
variety of it. The larger zocecia raised on the mammillaB are prob- 
ably of the nature of gonocyste. 


^ Baastor, op. rtY., p. 80, (1929). 

^ W'aageii and Field, Sail Range FohsiIb, 1, p. 7b3 ; FI. L\AX\J1, hgs. .m-rf, 
(wou Fl. BXX\ Vlll, fig. 4 ; FI. XC. fig. 1). 

® Basaler, op. cif., p. 79 ; PI. 243, figs. 1-4. 

' Moore, Jowm. Paiaant., Ill, 2, p. 123 ; Fl. 15, fig. 11 ; Fl. l(i ,lig. 18, (1929). 
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Pohfpora cf. megastoma, De Koninck ? 

The bryozoan which Waagen and Pichl ^ identified as Polypora 
megastoma, De Koninck, is represented by several poor fragments 
of zoaria (A. 534) in the collection from Htam Sang, but there is 
reason to doubt the identity of the European Lower Carboniferous 
form with that from the Productus Limestones of the Salt Kange. 

Polypora cf, gigantca, Waagen and Pichl. 

Portions of several zoaria of a species of Polypora occur in the 
collection showing the poriferous and non-poriferous faces. They 
are not well preserved, but appear to be comparable to P. gigaydea, 
Waag. and Pichl, ^ from the Salt Range. Loczy ^ figured a zoarium 
from Pupiao, Yunnan, which he likewise compared with this species 
and Mansuy ^ has also figured a specimen from the Fusulina Lime- 
stone of Laos. 


Polypora cf. kolvae, Stuckenberg. 

The reverse side of a portion of one zoarium shows characters 
which suggest that it is comparable with P, kolvae, Stuck., ^ to 
which species Diener ® considered a specimen from Namun and the 
author specimens from Chitral ^ to be allied. The branches are 
regularly parallel, and are connected at fairly regular intervals by 
horizontal thinner dissepiments, not expanded at their ends, form- 
ing oblong fenestrules of which there are about three in 10 mm. longi- 
tudinally and five in 10 mm. transversely. The branches are rounded 
and very finely granulated on the surface. 

Polypora discreta, sp. nov. (PI. 2, figs. 5-56). 

There is one good specimen of this species which is somewhat 
like that above recorded as Polypora cf. gigantea, but it differs in 
the great rarity of dissepiments, in the slenderer branches, in the 

^ Waagen and Pichl, op. at., p. 786 ; PI. LXXXVm, figs. 3, 6-7 ; PI. LXXXIX 
fig. 3<T). 

* Waagen and Pichl, op. cit., p. 786 ; PL LXXXIX, figs. 1, 2a-c. 

* Loczy, Besohr. Pabeont. Stratigr. Result. Reise Graf Szeohenyi in Ost Asien 
p. 131 ; PL VI, fig. 19, (1898). 

* Mansuy, Mem. Surv. Oeol. Jndo-Ohina, Vol. 1, Faso. 4, p. 11 ; PL 1, fig. 0, (1912). 

* Stuckenberg, op. cit., pp. 163, 238 ; PL XXtH, fig. 4, (1896). 

* Diener, op. cit., p. 60 ; PL VII, fig. 26, (1911). 

» Reed, Pal. Ind., N. S., VoL VI, M^. No. 4, p. 20 ; PL n, jSgs. 8-9a, (1926). 
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smaller number, greater prominence and less regular diagonal 
arrangement of the zooecia and in the presence of interstitial granules 
between them. 

The branches themselves are subparallel, slightly flexuous, 
cylindrical, and slender, and they occasionally bifurcate at acute 
angles ; on their poriferous face there are 3-4 rows of small zooecia 
forming prominent papillae arranged in diagonal lines, with a few 
minute granules, irregularly scattered between them and becoming 
more numerous on the sides of the branches. The branches are 
2-3 times their diameter apart. The dissepiments, which are few 
and at rather irregular intervals apart, are thin, rounded, depressed 
and without zooecia. The reverse face of the zoarium is unknown. 
The whole portion of the zoarium, of which a portion is here figured, 
is about 40 mm. across, and in tliis space there are about 20 branches. 
The branches themselves measure 1-0-1-6 mm. in diameter. Al- 
though there are 17-20 branches of our specimen exposed there 
are only 2-3 dissepiments visible between a few of them on one 
side of the zoarium, but this may be due to the fact that the branches 
are partly embedded in the matrix and that the dissepiments are 
much depressed. We may probably regard P. kirsuta, Moore, ^ 
from the Pennsylvanian of Texas, as allied, but it has much thicker 
dissepiments and tlie branches are closer together. P. atstacelia, 
Moore 2 may also be compared. 

Thamniscus dubim, Schlotheim ? 

There are some small fragments of zoaria in a poor state of pre- 
servation, which are with considerable hesitation leferred to the Salt 
Range bryozoan which Waagen and Pichl * identified with Thani- 
nisem dubius, Schlotheim. Bassler ^ figures an example from the 
Permian of Timor, and doubts its identity with the European form. 

Goniodadia indica, Waagen and PicU. 

The reverse face of portions of several zoaria show rather large, 
irregularly polygonal meshes of somewhat unequal size without 
any clearly differentiated branches and dissepiments. The mesh- 
work has the face subangular or sharply rounded, and the surface 

^ Moore, op. cit., p. 26 ; PI. Ill, figg, 17-19, (1929). 
p. 24 ; PI. 3, figs. 9, 10. 

• Waagen and Piohl, op. ci<., p. 808 ; PL XCIII, figs. 4a-6. 

♦ Bassfer cit., p. 80 ; PL 146 (21), fig. 12, (1929). 
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is smooth or very minutely granular. The poriferous face is un- 
known amongst our specimens. This bryozoan is referable to 
G. liidica, Waag. and Pichl,' of the Productus Limestone of the Salt 
Range and is related to Goniocladia [ Polypora ] concatenata, Eich- 
wald.2 of the Upper Carboniferous of the Urals and to G. timorevsis, 
Bassl.,^ of the Permian of Timor, while G. americami, (lirty,^ of the 
Guadelupian of Texas, is also allied. 

Pinnatopora sp. 

The reverse face of two small branches of a pinnate zoarium 
shows a very slender, rod-like, nearly straight stipe giving off on one 
side an equally slender straight branch (of which a long piece is 
preserved) diverging at an angle of about 45"". Both bear very 
short smaller lateral branches of equal length alternating on opposite 
sides at regular intervals and making an angle of about HO'' with 
the stem. On the long branch which measures about 14 mm. in 
length there are 15 of these short lateral branches on each side. 
No internal structure is visible. We may probably compare Pinyia^ 
topora striata^ Ulr./" from the Keokuk group of Ohio, and P. 
oculata, Moore,® from the Pennsylvanian of T(‘xas. 

Acanthocladia sp. 

A portion of the reverse face of a species of Acanthocladia is 
exposed on the same slab of rock as that bearing the numerous stems 
of Rhahdomeson shanense, sp. nov., described below. It consists 
of a slender straight stipe about 6 mm. long, marked with delicate 
longitudinal striations and giving off rather more slender parallel 
lateral branches alternately at regular intervals on each side. These 
branches, of which only the bases of eight are preserved on one side, 
are roimded and diverge at about 75° from the stipe ; on the otlier 
side of the stipe one of the branches has nearly 3 mm. of its length 
preserved and curves slightly forwards. The species from Timor 
described by Bassler as A. rectifurcala, sp. nov.,’ seems to be nlmost 
identical. 

' Waagen and Piohl, Salt Range Fossils, I. Pal, Ind., Ser. XTII, VoMl,p. 805 ; 
PI. XCITI, fig. 3, (1885). 

* Stuckenberg, op. cit., p. 168 ; PI. XXIV, fig. 1, (1895). 

a Bassler, op, cit.' p. 89 ; PI. 247, figs. 8-13, (1929). 

* Girty, U. 8. Qeol. 8urv. Prof. Paper 58, p. 154; PI. VIIT, fign. (UK)8). 

» Ulrich, op. cit., pp. 362, 617 ; PI. LX VI, fig. id, (1896). 

•Moore, op. cit,, p. 125 ; PI. 15, figs. 4 , 5, 10, (1929). 

» Bassler, op. cU^ p. 84 ; PI. CCXLIV (20), figs. 7-12. 
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Streblotrypa hirrnanica, sp. nov. (PI. 2, fip;. 14). 

There are some somewhat worn, small, cylindrical braiu hes of a 
rod -like bryo:5aan and one much better preserved one, about 7 mm. 
long, here figured which must be referred to the gemm Streblotrifpd, 
and they somewhat resemble Strebhtrifpa major, ITlr.,^ from the 
Keokuk group of Illinois. In our specimens there are lb-12 
longitudinal rows of zooecia in the circumference separated by some- 
what sinuous longitudinal raised lines ; the zooecia alternate in 
adjoining rows, thus forming diagonal series and are their own lengtli 
apart ; each zooecium is oval and has a raised peristome which is 
continued as a hood down from the aperture to form the longitudinal 
but weaker line on each side to the next zooecium below, thesf* lines 
enclosing a somewhat depressed small area of subrhomboidal shape 
nearly as long as the zooecium and holding generally loin minute ])its 
or mesopores in two rows. At the base of each group of pits there 
is sometimes a minute nodule or pustule (? acanthopore). We 
may compare Bassler’s species from Timor which he has named 
Str. germana.^ but the longitudinal lines are rather less continuous 
in his figured spe<‘imens and the zoo'cia are smaller, but there seems 
to be considerable variation in these characters. Str. ^ttarwiov- 
enns, Ether. jun.,‘* from Western Australia is also closely allied 
to our new species. 

Streblotrypa bassleri, sp. nov. (PI. 2, fig. 8). 

The diagnosis of this species is based on the specimen from 
the ex}>osure on the road from Taung-gyi to Mong. Pawn whicli is 
somewhat better preserved than that subsequently obtained from 
Htam Sang, and it is therefore given in the description of the fauna 
from Locality IV (^/.n.). This specimen from Htam Sang differs 
from the type (fig. 7) in having^rather more longitudinal series of 
zooecia and in the zooecia being rather less widely separated, but 
we can hardly regard it as distinct. 

Rhombopora circumcincta^ sp. nov. (PI. 2, figs. 9, Ogt, 10). 

Zoarium consisting of cylindrical, straight, solid stems, bifurcat- 
ing rarely into two similar equal branches diverging at about Tb"". 

» Ulrich, op. cit., p. 660 ; PI. LXXI, fign. 8, (1890). 

® Bassler, op. cit., p. 67 ; PI. 239 (15), figs, 6-10. 

* Hosking, Jonm. R. Soc. Wtsi^ AvMtratia, XVII, p. 14 ; PI. IV, hg. 1 ; text fig. 
b (1930-31), ^ 
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ZooBcia small, oval, widely separated, with narrow raised peristomes, 
arranged alternately in 12-16 regular parallel and diagonal series 
on its circumference, but without longitudinal ridges between 
them ; zooecia about 1 J times their length apart longitudinally and 
once to twice their width apart transversely ; inter-apertural walls 
thick and bearing a rather irregular ring of minute, hollow, acantho- 
pores in one or two somewhat irregular rows surroimding each zooecium, 
with occasionally a larger acanthopore at its base. 

Dimensions. 

Diameter of stem o. 2*5 nun, 

11-13 zoceoia in ...... 6*0 mm, longitudinally. 

Remarks. — This species is referable to the genus Rhombopora 
because of its solid stems, while in the possession of a ring of acan- 
thopores round each zooecium it resembles Rh. incrassata, Ulrich,^ 
of the Keokuk formation, and more especially Rh. corticata, Moore,^ 
of the Pennsylvanian of Texas. Rh. muUigranulcUa, Bretnall,* from 
West Australia is also comparable. 

Rhombopora virgula, sp. nov. (PI. 2, fig. 12). 

Zoarium composed of a solid cylindrical, straight stem, occa- 
sionally giving off a branch at right angles, bearing on its cir- 
cumference 20-22 regular straight parallel longitudinal and less 
obviously diagonal rows of small oval or elliptical zooecia rather 
closely placed and alternating in adjacent rows, the walls of the 
zooecia less than half their diameter in thickness and bearing a 
single ring of minute round hollow pustules (acanthopores) with 
an occasional larger one at the base or at the side of a zooecium ; 
the longitudinal ridges between the zooecia are regular, continuous, 
parallel, straight and rarely flexuous. 

Dimensions. 

' Diameter of stem ...••• 3*5 mm. 

12-14 zooecia in 5*0 mm. longitadinally. 

Remarks. — The walls are much thinner than in Rhombopora 
circumdneta ; the linear longitudinal arrangement of the zooecia 

' Ulrich, op. cit., p. 652 ; PI. LXX, figs. 12, 12a. 

^ Moore, op. cit., p. 137 ; PL 17, 3, 4, {1929). 

* Bull. Oeol. Burv. West Austrcdia^ 88, p. 25 ; PL 1, fig. 3, (1926). 
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is much more strongly marked and the zooecia are rather mote 
numerous. The stem is certainly solid, so that we must refer the 
species to the genus Rhornbopora, None of the species from Timor 
seem to be much like it. 


Rhabdomeson shanensCy sp. nov. (PL 2, fig. 3). 

Zoarium composed of small, cylindrical, straight, slender, hollow 
stems, rai-ely bifurcating, bearing lQ-18 regular diagonal rows of 
small zooecia sunk in rhomboidal vestibular areas ; zooecial aper- 
tures oval ; walls somewhat thickened and exsert, with a single 
large prominent acanthopore at the base of each rhomboidal area 
forming a spinous tubercle. Axial tube large. The diagonal rows 
intersect at an angle of about 30°-46°. 


Dimensions. 

Diameter of stem •••••• 2-5-3*0 mm. 

12-14 zooecia in G-0 mm. (diagonally )• 

Remarks, — This species which is very abundant on some slabs 
of rock and is represented by many well preserved fragments of 
stems up to 48 mm. in length is much like the so-called Rh. rhom- 
biferum (Phill.)^ which Loezy “ figured from the Upper Carbon- 
iferous of China. According to Bassler ^ Rhabdomesmi differs only 
from Rhombopora in having a slender axial tube, and in imperfect 
or imbedded specimens this is difficult or impossible to see, but 
many of our specimens show it well. Our species cannot be referr- 
ed to the true Rh. rhombiferum (Phill.) of the Lower Carboniferous 
of the British Isles, though it is allied to it as well as to Rh. gracile 
(Phill.), and it di^rs from Rh. decorum, Moore, ^ in the apparent 
absence of a ring of small acanthopores surrounding the zocecia. 
Rh. kpidodendroides, Meek,® which bears a very great resemblance 
to our species is usually referred to the genus Rhombopora. 

» Phillip®, G«ol. Yorkflhire, Pt. U, p. 192 ; Pi. I, tigs. 34, 35, (1836). 

*I^zy, Besohr* Pal. Stratigr. Besnlt. Graf. Szechenyi Eipod. m Ostasien, p. 97, 
PI. m, fig. 22, (1898). 

* BawW, op. cit., p. 69, (1929). 

* Moore, op. cit., p, 147 ; PI. 17, fig. 20. 

* Meek, Palsepnt. Eastern KebramL®, p. 141 ; PI. VII, figs, 2«-/, (1872). Nickles 
and Bassler, Bull. U. S. Oool. 8urv., 173, p. 395, (1900). Girty, Bull. U. S* Oiol. Suxk, 
544, p. 46 (for references), (1915), 

I 
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Fistulipora servaiay sp, bov. {PI. 2, 4, 4a). 

Zcwij^a consisting of stout, s^bcy^ndxio^l, sublobote, bollow 
branches occasionally bifurcating, with the surface somewhat 
irregularly swollen or undulating. Zooecia numerous, subcircular, 
thick-walled, prominent, elevated above general surface, mostly 
( losely set often nearly ijx contact, directed somewhat obliquely 
to the surface (particularly around maculee) and arranged in nearly 
regular diagonal and longitudinal lines ; peristome swollen ; luna- 
rium distinct, semi-circular. Maculso rare, small, irregular in shape, 
depressed, with the bord^ing zooecia further apart than the rest. 
Interstitial tissue little developed, dense, composed of very small 
thin walled mesopores. 

RemarJcs. — Two fragmentary branches occur in the collection, 
of which one stem measures 7-8 mm. in diameter and has 11-12 
zooecia in 5 mm. of a diagonal row. The most marked features of 
the species are the prominence and regular linear arrangement of 
the zooecia and their oblique direction to the surface. The swollen 
elevated oblique peristomes of the zooecia recall Fistidipora labiata. 
Keys.,^ of the Upper Carboniferous of Kussia, but in that species 
they have not such a regular close arrangement. We may also 
compare F> carbonaria, Ulr., especially the immature specimen of 
the variety nebraskensis, figured by Girty ^ from the Wewoka 
formation of Nebraska. 

Fistulipora aff. carbonaria^ Ulrich. 

A small portion of a thin incrusting species of Fistulipora shows a 
series of closely set small, recumbent zooecia. arranged in somewhat 
irregular, curved or straight, horizontal and diagonal rows. The 
zooecia open very obliquely to the surface and form small, rounded, 
Bubtrigonal or semilunate elevations, with the semicircular or lunate 
apertures all facing the same way with great regularity ; a lunarium 
on the outer lip is present ; the peristomes are not swollen ; and 
the zooecia in the same row are often nearly or quite in contact 
laterally. There are 8-10 zooecia in a horizontal distance of 5 mm. 
The maculae are small and indistinctly defined, but the neighbouring 
zooecia seem to be smaller, more closely and radially arranged round 

^ 8tm^cettberg, Mem. Com. Oeol. Mu9§.^ V, No. 4, p. 7 ; PI. IV, figs. 91-37, (ISSS), 

• Girty, BmU. U. 8. Oeol. Surv., 644, p. 46 ; PL ^VI. fig. «, <1W6). 
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thefti. Wie interstitial tissue seems to be sob’d, but no section of the 
zoarium has been made. We may regard this species as allied to 
FistuUpora raftomria, Ulrich, ^ which Gitty ^ figures from the 
Wewoka formation of Oklahoma, Ihe inclination of zooecia to tlie 
surface and their close and regular arrangement and semilunate 
apertures being closely similar. 

BexagoneUa latvigatuy Waagen and Wentzel. 

Diener * has described and figured ff. ramosa, Waag. and Wentz. 
from Namun, but in the present collection there are three fragments 
of a flattened, lobate, bifurcated zoarium which more closely resembles 
//. ktvigaia, Waag. and Wentz.^ There is anotlier allied species 
H, tur§ida, Bassler, ® occurring in the Permian of Timor. The 
outlining ridges of part-i of the hexagonal areas can be distinguished 
in our specimens, and tlie other superficial characters of the species 
are clearly seen. 


GeinilzdUi cf. crassa (Lonsdale). 

On the same slab of rock as that bearing the numerous frag- 
ments of Rliahdonieson shanevne, sp. nov., there is one fragment of 
a small, hollow, cylindrical zoarium, measuring about G*5 mm. in 
diameter, which bifurcates at its upper end at an angle of about 75"^’ 
into two rather smaller brandies. The surface shows small equal 
or subequal, subcircular, or oval, thin-walled zooecia irregularly 
arranged, and there are minute polygonal acanthopores occasionally 
wedged in singly at each angle between them, or more rarely 
lie at the sides ; in some places a ring of small mesopores ? surrounds 
a zooecium or an irregular group is intercalated. Other specimens 
occur in the collection from II tarn Sang. This bryozoan may be 
ascribed to the genus Geinitzella and ressembles (J, crassa, Lonsd., 
as figured by Waagen and WentzeP from the Salt Range. Grabau ^ 
records a variety of the wide-spread species 6. cohimnaris from the 

. ’Ulrich, Journ. Cincinnati Hoc. Nal. Hist., 7, p. 46; PI. Ill, figs. 1, Iff, (1884). 

» Girty, BM. U. 8. Oeol. Surv., 644, p. 44 ; PI. XXVI, fig. 5, (1916). 

» Diener, op. cti., p. 66 ; PI. VII, fig. 16, (1911). 

‘ Waagen and Wentzel, Sak Raage Fossils, I, p. 912 ; PI. CVI, figs. 3, 4 ; PI. OVIl. 

» Ibid., p. 016 ; PI. CVIII, fig. 2a.d ; PL CXV, fig. 6. 

• Bassler, op. eii., p. 61 ; PL CCXXXII (8), figs. 3-9, (1929). 

’ Waagen and Wentzel, op. eit., p. 884 ; PL CjXIV, figs. 1-3. 

‘Grabau, Permian of Mongolia, p. 4fi ; PL 1, figs. 10-12, (1931). 

I 2 
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Permian of Mongolia, which Waagen and Wentzel ^ had long pre- 
viously figured from the Salt Eange, but this species is less like 
our specimen and the name has been somewhat loosely used. 

TabuUpora sp. 

The genus TabuUpora^ Young, which Bassler now^ considers 
to be separable from Stenopora, Lonsdale, seems to be represented 
by some small, hollow, cylindrical, ramose zoaria, of which the best 
preserved specimen measures 7 mm. in diameter and 16 mm. in 
length. The zooocial apertures are polygonal, mostly hexagonal 
and of equal or subequal size, except in the rare slightly depressed 
maculse where a few of them are rather larger. The cell walls are 
thin. Minute spiniform acanthopores occur at the junction angles 
in some cases. There are about 16-20 zooecia in a length of 6 
mm. We may perhaps compare this form with Stenopora ntdis, 
Ulr.,^ but the macules in that species are elevated. T. acadicay 
Bell,^ from the Windsor formation of Nova Scotia, also seems to 
be aJIied, but 1\ cam, Moore,® from the Pennsylvanian of Texas, 
may perhaps be considered as most like it. 

Aotinozoa. 

LophopJiyllum orientale, Stanley Smith (sp. nov.). 

(see Appendix, p. VIS). 

Michelinia dieneri, sp. nov. (PI. 2, figs. 6, 6a). 

Corallum small, irregularly lobate or ramose, forming flattened 
or irregularly subcyhndrical stout branches. Corallites few, exsert, 
polygonal to subcircular, of rather unequal size, the smaller ones 
being irregularly distributed. Calices deep, circular ; walls rather 
thick, with exsert lips showing a series of small fimbriations or 
nodules round their edges and radial stri^ in the cup. Average 
diameter of calices 0*5-1 mm. Average diameter of branches 
3-8 mm. 


> Waagen and Wenteel, op, cit,, p. 822 ; PI. CVl, figa. 6, 6 ; PI OXH, fim. 1-6 : 
PI. CXIII, ; PI. OXV. fig. 1. » S* » 

* Bassler, op, cit,, pp. 68, 60, (1929). 

• Ulnch, op, at,, p. 444 ; PI. LXXII, figs. S-86. 

• BeU, Mem. O&oi, 8urv, Caryatda, 166, p. 106 ; PI. X, fig».l-6, (1929), 

* Moore, op, at,, p. 7 ; 1, figs. 13-15, 20, <1929). 
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Retnarks. — Tiifl is the coral which Diener^ figured from Mong 
Pawn as Michdinia (?) sp. and said that it resembled in iis growth 
M. abichi, Waag. and Wentz., but we may better compare M. 
parasitica (Phill.)^ which Stuckenberg ® has recorded from the 
Upper Carboniferous of Russia. Weller * has remarked that his 
Favosites valmeyerensis from the Fern Glen formation, Missouri, 
is a close ally of Phillips* species. M, minima^ Stuck., ^ is another 
allied species, and M. eugenecB, White,* may also be compared. 
Pachypora jahiensiSy Waag. and Wentzel,'^ from the Salt Range, 
which has a somewhat similar mode of growth and appearance 
does not possess the marginal fimbriations round the lips of the 
calices which are also not exsert. None of the species of Michdinia 
to which Heritsch® refers bear much resemblance to our new form, 
nor do any of those from the Permian of China described by Yoh 
and Huang.® 


Crinoidea. 

Cyathocrinus virgalensisy Waagen. 

Isolated stem-joints of this species^® arc common in the collec- 
tion from Htam Sang, and fragments of the plates of the calyx 
occasionally occur. 


LOCALITY lU—TAUNQ— OYl. 

Lonsdaleia {W aagenophyllum) indica, Waagen and Wentzel. 

A small piece of black shattered limestone from behind Taung- 
gyi has been kindly examined for me by Dr. Stanley Smith in order 
to determine the obscure coral which is preserved in it, and he 
states that a thin section indicates the Salt Range species Lons- 
daleia indicay Waag. and Wentz., which was also described by Diener^^ 

1 rWener, op, cU„ p. 66 ; PI. VI, fig. 11, (1911). 

* PhilUps, Geol. Yorks, Ft. II, p. 201 ; PI. I, fig. 623, (1836). 

* Stnokenberg, op. cit., p. 118 ; PL XVIII, fig. 3, (1895). 

* Wellor, BuU, Geol. 8oc, Atner., 20, p. 274 ; PI. 10, figs- 1, 2, (1909). 

‘ Stuckenberg, Mtm, ^om, Oiol. Ruas,, X, No. 3, p. 326 ; PI. XIV, figs. Ta-c, (1896). 

* Oirty, BvU, U. 8. Geol, Surv,y 644, p. 29 ; PI. U, figs. 11, 11a, (1915). 

» Waagen and Wentzel, op, cit., p, 847 ; P], XCVII, figs. 2a, 26. 

•Heritsoh, 8iUi, Ahad, WUs, Wien, Math. Nat. Kl. Abt. 1, Bd. 137, Heft 10, pp. 
769-766, (1928). 

* Yoh and Huang, PeUaeoM, Sinica, Set, B, VITI, Faso. 1, pp. 21-24, ( 932) ; Huang, 
IbH,, Faso. 2, pp. 9^103, (193^. 

Waagen, op, dt., p. 826 ; XOVI, figs, 13-16. 

^ IMener, pp. ci#., p. 48 j PI. VI, fig. 4. 
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fatom IJsSiB^am. ir(ie«cntly A. S^b/ h»& bc^a led tia ih^ cou- 

chttioii that L. mdica m identical with L. virgaimm^ Waag. aad 
Md it should bo remeBabci:ed that Pe. Stanley Smit^ had 
pajevipujaty- ' auggestod that h, virgalemis naight be oBly a saiaUer 
variant oS the larger species L. iruUca which has been described 
foosa the Upper Carboniferous of Ghitrsi'^ as well as trom the Pro- 
ductiifl Limestones of the Salt Range and Indo-China. A form 
oonoparable with L. virgalemis occurs also in the Upper Carbonir 
forons of Tibot.^ Huang^ has recently described a variety of £. 
indica foom the Permian of Kweichow, and Qaawa* regards Mapsuy’s 
i. indica from Indo-China as identical with L. Uvumoa^ Uerth, from 
Timor aiul Japan. 


LOCALITY HI,-POILA. 

Syringopora ? sp. 

There is an abundant fasciculate coral from this locality (A. 506) 
constituting the only rec’Ognisable fossd, but ui)fortnnatply it is 
mostly in a poor state of pueservatiou ajid the internal structure is 
nearly always completely obliterated by crystalline calcite, so that 
it is difficult to decide whether to refer it to the genus Syringopora, 
Groldfuss, or to the less known genus Tclrapora, Yabe and Hayasaka. 

The corallites consist of cylindrical subparallel slightly flexuoiis, 
tubes with a diameter from 1*5-1*75 mm. and they are subcireular 
or circular in transverse section, but not quadrate or rhombic as 
in typical members of Tetrapora, Th(‘ corallites are mostly their 
own diameter apart', but may be in contact in places and are some- 
times arranged in a loose irregular chain-like fashion. The connect- 
ing tubules, which are rare and hardly ever seen, twour quite ir- 
regularly, but occasionaHy are shown in cross sections. Where 
the cateniforra arrangement is developed there are wide spaces 
between the chains of corallites, 2^ times their diameter. The 
walls of the ooralites are thick md simple, and in some cases show 

^Sieia,QwiH.Jaium.O«ol.Miii,MtloU.S<x. India, Ul, No. l,pp. 0.U; PI. I, (1031). 

*^oed,Pol. Ini., N. S.. Tol. V(, Meqk. No. 4, p. 16, (1026). 

• p. 14 ; PI. I, figs. 24-27. 

« /W., X.VI.,p. H, (1030). 

*Hmng, Piuaeont. ^inica, Ser. B, VIII, Faso. 2, p. 4Bi BL III, figs. 1, 2 ; tM(4i 

fig. 8, (1833). 

* Ctuwa, Journ. CM. Be, Imper, Vniv. Takpa, p. 74 { PL XJJd, fim. 7. 8, 
(IW). 
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low mtemal hmgkittdinal septal ? ndges, but f^ose arc mostly 
obseiure, though apparently not aeiidental or secondary thicken' 
ings of the WaUs, There are no tabiibs visible. The typo of the 
genus Tetrapora is T. elegantula. Yabe and Ilayasaka,^ whicli has 
many connecting tubules ; and in it the corallites are rhombic or 
subquadratc in section and close together and have a peripheral 
veeimikr aone and horiaontal tabulae. But Jhiang says that the 
peripheral vesicles may not be developed, and he considers that the 
distinctive cliaracter of Tetrapora by which it difTf»rs from Syrin- 
gopora is that the tabulae arc compretc and horizontal, though he 
qualifies this statement by saying that— 

* infundihuliform tahultc are not entirely alnjcnt in Tetrapora, .ihm iciider- 
iiig the corallites indistinguishable from those of Syringopora. Such a character, 
however, is confined to 3 or 4 tabulie, those above and below them remain more 
or loss horizontal or slightly inclined ’ 

As regards the shape of the corallites it is the case that in more 
than one species of Tetrapora {e,g. T, rtakivgcvsis, Yoh, T, syrivgo- 
poroides, Yoh, and T, laxa, Yoli) the corallites are more often 
rounded or subcircular than polygonal. Such is certainly the case 
in our spMnmeiis from Poila, for irregularly shaped corallites in cross- 
soiitions seem to bo rather ac4:5idental, though where the tubules arc 
given off the emaimference is slightly distorted, and judging from 
the figures of the various Chinese species of Tcira}H)ra this often 
accounts for their nonn ircular shape. The absence of septal spines 
or ridges which is adjudged to be one of the features of Tetrapora 
is doubtful in our specimens, but they arc often invisible in 
undoubted members of Syrhvgopora, The present author has 
described two corals from the Up])er Carboniferous of Tibet under 
the names fiyrimjopora gemina^ and jS. catvnoidcs '* which seem to 
be most like the specimens from Poila, as is indicated from an 
examination of sections both in a longitudinal and transverse 
direction. But by a comparison with the figures and descriptions 
of the figures given by Yoh and Huang {op. cit.) of certain Chinese 
species of Tetrapora wc cannot fail to observe a great resemblance 
to T. syringoporoides. Yoh, ^ and to T, laxa, Yoh, ® which Huang* 


1 Yoh and Huang, PakeofU, Sinica, Ser. B., VIU, Faso. 1, p. 13 ; Pis. 1-3, (1932)- 
Huan^ ibid., Fasc. 2, p. 105 ; PI. XIV, figs. 1-4, (1932). 

•Rood, Pal, Ind., fi. S., Vol. XVI^ p. 6 ; PL IV, figs. 1, la, (1980). 

» Ibid,, p. 12 ; PI. ra. fi^k 
« Yoh, op. cit., p. 20 ; PL m, figs. 3a, b. 
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considers almost indistinguishable, while the occasional cateniform 
arrangement of the corallites suggests the species T. halysitoides 
Yoh.^ The genus Tetrapora is characteristic of the Chihsia lime- 
stone in China.- 


LOCAUTY IV. NEAR 34TH MILESTONE ON ROAD FROM TAUNQ- 
QYI TO MONO PAWN. 

Derbyia ? sp. 

The greater part of the brachial valve of a large orthotetoid 
shell, with, the cardinal area of the opposite valve attached, occurs 
in the collection from this locality. The valve is gently convex 
and has a weak median depression and somewhat flattened cardinal 
angles, and its shape, when perfect, was apparently transversely 
subcircular with rounded cardinal angles. The umbonal and middle 
regions of this valve are somewhat broken and crushed, but the 
cardinal area of the opposite valve is preserved and is seen to be 
large and triangular and is inclined nearly at right angles to the 
plane of the shell ; there is also preserved the large convex tri- 
angular plate covering the delthyrium. The surface of the brachial 
valve is ornamented by numerous narrow, rounded scabrous, equi- 
distant, sharply cLvated, radial riblets of equal size, set at 2-3 
times their thickness apart and there is very rarely a shorter, finer 
one intercalated ; the lateral riblets curve back slightly, but the 
rest are straight, and all are crossed by narrow concentric lamellae 
forming upon them small, regular, equidistant, closely imbricating 
convex scabrosities ; but there are only fine concentric lamellose 
striae crossing the concave interspaces. There are about 12-14 
radii in a space of 10 mm. Our specimen, when perfect, must have 
measured about 60 mm. in width. As Diener^ says that a strong 
concentric sculpture is absent in D. shanensis it results that our shell 
must- belong to another species, and it seems in its ribbing more to 
resemble the unnamed species of Streptorhynchus ? which Diener^ 
figures and describes from Kehsi Mansam. 

* Yoh, op. cU.f p. 17 ; PL IH, fig*, lews, 2a, 1. 

* Obao, BuU. Qtci. Soc. China, VI, No. 2, p. 85, (1927). 

^Dieoer, op. eU.,p. 15, (1911). 

« Dkmr. op. oU., p. 16 $ FI II, ftg. 10, (1911). 
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ProductHS {Marginifera hivins, sp. nov. (PL 1, figs. ?ih). 

There is one fairly well preserved pedicle-valve of a species of 
Ma/rginifera which has a subquadrate outline with a hinge-line 
rather less than its width ; the valve is strongly convex from back 
to front, somewhat flattened transversely in the anterior median 
portion but descending steeply on each side ; ne^r the umbo there 
is a very weak, broad, median depression ; the umbo is hng(‘, promi- 
nent, high and incurved, with an umbonal angle of about 45°, 
and it descends suddenly on each side to the small, subtriangular, 
depressed, but slightly swollen and rather sharply marked off ears ; 
the cardinal angles are subrectangular. There is a distinct, though 
small, cardinal area observable. The surface of the umbonal 
region is ornamented with numerous small, low, somewhat elongated 
pustules, arranged in irregular, rather close quincunxorder, and 
also with fine concentric, somewhat undulating, thread-like lines ; 
on the lateral umbonal slopes and on the ears the pustules become 
upstanding, hollow tubular spines which are larger and more pro- 
minent on the ears ; on the middle and anterior portions of the 
valve the pustules become more elongated and slender, forming 
recumbent spine-bases which are more widely spaced and are arrang- 
ed in quincunx order in concentric bands with the fine thread-like 
concentric lines between them well developed over the whole sur- 
face ; there are also minute pits or punct® on the shell which are 
irregularly distributed amongst the pustules, but these may belong 
to an inner layer of the shell. The diductor scars which are small, 
flabellate, divergent and marked with coarse radial grooves are 
clearly seen where the shell has been broken away and extend about 
one-fifth or one-sixth the length of the valve. 

Dimensions. 

Length 28 mm. 

Width 0 . 28 mm. 

Height . . 14 mm. 

Affinities, — This specimen seems to be very similar to those from 
Kehsi Mansam which Diener ^ compared with Str. horrescens, De 
Vern., but the ears bear larger spines and are more developed in 
our example, and it does not appear possible to refer it to the Euro* 
pean species Str, horresoens and it is more like Productus {Sjnno^ 

^ ]>i«iier, op. oit,, p. 37 ; PL Y, figi. 21, 22, (1911). 
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fnargini^era bweicKoimnsis, Muaug^ (mut. mo¥.) bom BotttiMjm €3iiiia, 
so that we must regard it as a now species and attach W it 
the name bivi is. Apart from the lower^ broader and undistorted 
mnbo our species appears to bear a considf rable resemblance, to 
the Australian shell Auh^teges inge^w, Hoaking^, particularly in 
its shape, presence of tubular spines on the ears and recumbent 
spines on the rest of the surface. Aulostapos ingens, Uosking,^ 
from Western Australia is considered by its founder to be allied 
to the Himalayan form described by Dicner as A. of, gigm, 
Netschajfiw, and to A, dalhousi, Dav,, as figured by Waagen ; the 
latter species is put by Netschajew in the genus Strophedosia in 
the same group as kitr, aangenheimi, De Verneuil. 

It is not improbable that the shell from Dong-quan, ludu-China, 
which Mansuy ^ figured as Product ust uJbcrculatas, Moll. mut. orienUdis 
is identical with our species. 


Andoskges cL libeheus, Diener i (PL i, fig. 2). 

The interior of a ne,arly perfect brachial valve may probably 
be ascribed to this Tibetan species, * of which the internal characters 
were stated by Diener to be unknown. For the valve has the 
characteristic shape of this species and a sharply geniculated margin. 
In our specimen there is a long, straight, projecting, cardinal process 
grooved along its length, and from its base a horizontal, rounded, 
cardinal ridge runs out at right angles to each lateral angle of the 
marginal ridge where the valve is geniculated ; the outer edges of 
the channel which grooves the cardinal process arc continued over 
the flattened interior of the valve as thin, straight, lateral ridges 
diverging anteriorly at an acute angle, and there is a long but lower 
and thinner median ridge or scjitum running down the channel of 
the cardinal process and continued forwards beyond its base for 
thr^c parts the length of the disk. Over the rest of the disk there 
are more or less continuous, but sinuous, low, narrow, rounded, radial 

^ HuaMg, on. c*/., p. 5U j PI* V, figs, 12, IS, (1US2). 

* Hosking, Jown. M, Soc. Western Australia, XV U, p. IS ; PI. V, figs, la-c ; PI. 
Vr, Hm. 2arc, (iim u). 

^Netschajew, Hiem. Com* Oeoi* Huse., N. S., Livf. Cl, pp. 4S, 55, (1911). 

* Miusuy, Mem. 8urv. Qeoi. Jitdo^China, V, Paso. 4, p. 30 ; PI: IV, fig. (k»*c, 

* Diener, HimaL Foes., 1, Pt. 3, p. 35 ; PI. V, figs. 3<d. Hamlet, op, cU,, p. 30 ; 
Ft. V, fig. 3« 
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rid^, 1^12 oa eacli side, runiimg out to ilie sudden geaicula- 
tioa w^ich is marked hy the ahove-mentioncd, sharply raised 
marginal comjentric ridge defining the edge of the disk, and they 
are eontinucd over it as ribs to tlie margin of the valve. lietween 
the median septum and the lateral ridges there is a pair of elongated 
muscle-scars. 

Diener^ has figured some fossils from Kehsi Mansam as referable 
to Strophalosia costata, Waagen,*'^ of the Produeiiis Limestones of the 
Salt Range, but we may doubt if this reference is oorre<‘t, and they 
probably bfdong to the same species as our present braehial valve. 
Kayser’s “ figiires of the interior of the brachial valve of the shell 
which he terms Pr. nysliaifm^ De Koii. var. hjnvgensis, bear a gro^t 
rese!iif)Iaiice to our specimen, but no true species of l^iKluetus or 
Metrgmifera has a cardinal proi'ess or internal characters like it. 
Chao'* appears to l)e fully justified in denvang the identity of Stro- 
phalosia poyangmsis, Kayser, with Diener’s species A, tibeticfis, as 
has been maintained by some authors. The internal characters 
of A. medficotti^ms Waag.,® which Huang*^ identifies with Sfr. 
pogtnfgcpsis, sliow many features bimiliw to those in our specimen 
and suggest its reference to the genus Atdosfeges. 

Dimenbionb 

i 

Width ... , . . . . l.'i 5 mm. 

Length 11-5 mm. 


Vheyneies sp. 

The species which Loezy’ figured from the Carlsuiiferous of 
Chirm as Chornies pscudo-mrioUila, Nikitin, is apparently represent' 
ed by one imporftH^t specimen from the road to Mdng Pawn. 
Oliao’s® figure's of Ch, latcsi/nuata, S(;hellw., seem to indicate a close- 
ly allied form. Dieuer^ figures Ch. of. variolalay D’Orb., from Namuii, 


‘ Dkmor. Pal, Itui., N. 8., Vol. Ill, p. 36 ; PL V, figs. 14-18, (1911). 

* WAagea, op. cil., p* 665 ; PL LXUl. figs. 7, 8 ; PI. LXIV, fig. 1. 

* Kisser in Kiohth<^en'8 ‘ Chinn,* IV, p. 187 ; PI. XXVIIT, figs. 3, 4, (1883). Chau, 
op. cit.y f, p. 163; PL XVI, figs. 8-12. {Marg. lopingerms), (1927). 

* Ohao, op. dt.y IL p. 73, (1928). 

® Waagen, op. ci(., p. 663 ; PL LXll, figs. 4a, 4c. 

* Huangs op. dl., p. 66^; PI. IV, 6gs, 743 ; PL V, fig. 26, (1932). 

^ Loozy, Buitr. Pal. Stratigr. Result. Roise Graf Sz^henyi in Obtasicn, p. 73 ; text 
figs. 12a-e ; PI. Ill, figs. 8-12, (IBtSK 

* Chao, op. cii., II, p. 22 ; PL 23-26 ; PI. II, figs. 3-12 ; PJ. IV fig. 7, 

(1928). 

* Diener, op. cii., p. 52 ; PL Vll, figs, lo-c, (1911). 
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but it seems to be different to our specimen. Chao ^ refers Loczy's 
Ch, pmida-mriolaia to Gh, carbonifera, Keys., but our specimen can 
hardly be referred to that species. 

FenesteUa jabiensis^ Waagen and Pichl. 

A well preserved small portion of a zoarium showing the pori- 
ferous face must be referred to F. jabimsis, Waag. and Pichl, ^ but 
in some respects it resembles Bassler’s species F. pidohradorsalis^ 
from Timor, There are 2-3 pores to each fenestrule, one being 
usually situated at the base of a dissepiment. The pores do not 
project into the fenestrnles but lie well inside the edges of the 
branches. The fenestrules are narrower than the branches, sub- 
elliptical to oblong in shape and longer than wide. The cariua 
of the branches bears small rather widely separated nodules. The 
dissepiments are short, depressed, much narrower than the branches 
but expand somewhat at their bases. Waagen’s figures do not 
show the frequent occurrence of a pore at the bases of the dissepi- 
ments, but otherwise our specimen agrees in all essential features. 

FenestdLa sp. 

A fragment of another zoarium on the same piece of rock from 
the same locality shows only the reverse face which is composed 
of a series of deUcs^, straight, regularly parallel branches ornament- 
ed with 3-4 fine longitudinal lines and connected by rather more 
slender horizontal smooth dissepiments set at regular intervals 
apart, not much swollen at their bases and not regularly alternat- 
ing. The fenestrules are oblong and rectangular, of equal size 
and about IJ times to twice as long as wide. There are 8-9 

fenestrules in a length of 6 mm, and 11-12 in the same width. The 

specific relations of this form are doubtful. 

Pdypora cf. trannmheneis^ Mansuy. 

A well preserved portion of a zoarium was collected by the 

author from this locality. It shows the poriferous face, and its 
characters appear to agree with those of a specimen figured by 
Diener* as Pdypora ot biarmica, Keys., from Namun, but the 

branches are not as wide as or wider than the fenestrules as is the 

1 Chao, op. cU., n, p. IS ; PL I, figa. 19-22 ; PI. IH, figs. 6-14 ; PL TV, fig, 6, 
(1928). 

• Waagea sad PiohL op* cU., p. 778 ; PL LXXXVm, figs. 1, 2. 

> Bai^, op. p. 74 ; PL §40 (16). figs. 1043. 

« Dkoer, op. oik, p. 08 ; PL Vll, fig, 23a, b (1911), 
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case in Stuckenberg’s^ figure of an example of P, biarmica, Keys., 
from the Upper. Carboniferous of the Urals, and in this respect 
and in the fewer pores it more resembles P. megastoma, De Kon., as 
figured by Stuckenberg,^ though it is not like the specimen from 
Namun which Diener^ compared with that species. Waagen and 
Pichl^ figure a species as P. hiarmim, Keys., from the Salt Range, 
but it seems to be distinct from the Upper Carboniferous Russian 
form,® though their specimen as well as Uiener’s represents a species 
apparently agreeing in all respects with our zoarium. P. trannin- 
hensis, Mansuy,® from Laos, which its author compares with P. 
hiamica is at any rate apparently indistinguishable from our 
form, and it may certainly be compared with it. 

Stireblotrypa bassleriy sp. nov. (PI. 2, fig. 7). 

A slender nearly straight cylindrical rod-like bryozoan shows 
8-10 parallel, longitudinal, narrow, rounded ridges on its circum- 
ference, between which lie rows of small subcircular or oval, widely 
separated, equidistant zooecial apertures, alternating in adjacent 
rows; below and longitudinally between the zocecia are slightly 
depressed, elongated areas three to four times the length of the 
zooecial apertures having two parallel lines of 8-10 minute pores 
(mesopores). This species is much like StrMotrypa nicklesi, Ulrich,’ 
of the Chester group of Illinois, but is more nearly related to Sir. 
biserialis, Bassler,® of the Permian of Timor, with which indeed it 
may be identical. But Bassler describes the zooecial apertures 
as elongated-oval, instead of subcircular, and his figure shows fewer 
longitudinal rows of zooecia on the stem, so that a different designa- 
tion seems desirable for our Shan form. Our specimen from this 
locality measures about 1-5 mm. in diameter and is 7 mm. in length. 
The zooecia are closer together and the pores between them fewer 
in number than in Sir. binmnica above described from Htam Sang, 
while the longitudinal ridges are straight and continuous. 

» Stockenberg, op. eit., p. 168 ; PI. XXIII, fig. la, 6, (1886). 

•IM., p. 163 ; PL Xim. fig. 7a, 6. 

• Diona-, op. eit., p. 69 ; PL m fig. 24a, b, (1911). 

< Waagen and PionL op. eit., p. 791 ; PL XC, figs. 5 1. 

• I^ohernysohew and Sto^nov, Fatine Carb. Super, de la Terre du Roi Oscar, etc., 
Mafer. pour QM. Hw., XXVn, p. 38 ; PL IV, fig. 7, (1916). 

•Mansuy, Mem. 8urv. Oeol. Indockine, VII, Faso. 1, p. 62; PL VI, tigs. 4a, b, 
(1920). 

» Ulrich, op. cit., p. 667 ; PL LXXI, figs. 9, 9a.o, (1890). 

• Bassler, op. eit„ p, 68; PL 0CXXXIX(16), fig. 3, (1929). 
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BiMome$on s^Amurak, sp. nov. (PL 2, fig. 13). 

Zoarium ootnpoeed of sleader, straight, hoBow, oylindrical firtjems 
1*6-2 mm. in diameter, rarely bifurcating, and bearing on the 
oivcumfereDoe 6-8 rows of relativdy large subrhomboidal zooecia 
with oval or subcircular apertures, arranged in somewhat irregnlar 
diagonal lines, and surrounded by rather prominent thin walls 
bearing a ring of small, closely set, round, hollow granules with usuaBy 
three larger ones (acanthopores) at the sides or one large one at the 
base. 

Remarks , — The large size and small number of the zooecial 
apertures and their indistinct diagonal arrangement recall the 
species from the Pennsylvanian of Texas which Moore has called 

Rhombopora muralis,^ but the hollow stem of our species indicates 
its reference to the genus Rkabdomeson and suggests its closer 

relation to the supposed RJi, rhombiferum (Phill) figured by 
Bassler,-^ though it is unlike the typical British form of that species* 

Michdinia cf. yunnanensis^ Reed. 

There is one small, low, subhemispherical corallum in the collec- 
tion. measuring 14 mm. in diameter and only 2-3 mm. in height. 

The coralUtes are \&cy short and nearly all of the same size, 9-10 

occurring across the face of the corallum ; their margins are nodulat- 
ed, the nodules corresponding with septal ridges in the deep calices. 
It seems to be allied to Mif'nelinia minunn. Stuck.,® and to M. 
parasitica, Phill.,* both of which are recorded from the Upper 
Carboniferous of the Urals, but the species which the present author 
described from the Permian of Yunnan as M, yunnanensis^ may 
especially be compared. The American species M. eugene(ie, 
White,® from the Drum limestone of Kansas, may also be allied. 
None of the Chinese species of this genus which Huaug^ and Yoh® 
have recently described are allied to our small form, but it is possible 
that Ivoczy’s® FavosUes cf. jabiethsis, Waag. and Wentz., from Tali- 
shao, Yunnan, is identical. 

» M(w>re, op, cit., p. 141 ; PI. 17, fig . 9. 

* Bassler, op, cit„ p. 69 ; PI. OOXxXVfl (18), fig. 4 

3 Staokenberg, op. ciU, p. 226; PI. XIV, fig. 7, (1895). 

*Jbid„ p. Ill ; n. XVin, fig». b. 

•Reed, Pol. Ind„ Vol. X, Menl. No. 1, p. 108 ; PI. XI, figs. 1, 2, (1927). 

« Sayte, BvU, Univ. Kansas Be,, XIX, Pt. 2, No. 8. p. 85 ; H. 1. figs. I, 2. (1930). 

’ HuMig, PaUeont, Siniea, Ser. B„ VIJT, Fast*. 2, pp. 92'103, (1932). 

* Yoh and Huang, ibid.. Bar. B, VIII. Faso. 1, pp. 21-24, (1932). 

* Loozy, op. cit., p. Its ; Pi* V# figa. 27, 27a, d, (1898). 
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CONCLUSIONS. 

Though the general reference of these faunas (except that from 
Pmla) to the Anthracolithic system is unquestionable, their precise 
stratigrapbieal horizons are somewhat difficult to fix, particularly 
in tiie absence of Foraminifera, for the detailed succession and 
relative ages of the members of the whole ‘ Anthracolithic system ’ 
(which includes the Productus Limestones) in the neighbouring regions 
of Indo-China have been based on their distribution.’ The separa- 
tion of the Uralian from the Permian in this system has always 
been more or less arbitrary and is still a matter of much difference 
of opinion, as Fromaget and others have recently observed, and 
some palfiBOutologists would indeed consider the Uralian to be of 
Lower Permian age, but this question cannot be discussed here. 
The most complete succession in South-East Asia wliich lias been 
described (op, cif.) is in Gammon (Laos) where the Moscovian, the 
Uralian and the Permian are divisible into twelve horizons, and 
there is stated to be a gradual passage upwards through the whole 
series, no clear demarcation being recognisable between the different 
stages or periods. It is naturally to this adjacent Indo-Chinese 
area that we may look for the closest agreennuit with the Authraco- 
lithic beds of tlie Southern Shan States, but we liave not sufficient 
evidence as yet to institute a close correlation, and the composi- 
tion of the fauna ap})ears to be different from any d(‘S(Tib(Ml by 
Mansuy or others from Indo-Ohina, for f(‘w, if any, of tin* species 
seem to be common to th(‘ two areas. The feature of the fauna 
from the Southern Shan Stales is the large number of peculiar 
bryozoans, many of whi(jh are new^ species. These and other 
differences, however, may be due to special environment or to 
accidents of collecting rather than to important dift‘erenc(*s of age. 

As regards the Northern Shan States the fauna from Kelisi 
Mansam described by Diener- resembles that of Htam Sang in 
many respects, while that from Namun® somewhat more closely 
resembles the Taung-gyi-Mong Pawn fauna collected by the 
author, and this fauna is apparently identical with that previously 
described by Diener^ from Mdng Pawn, tlie abundance of bryozoa 

^Fromawt, BuU, Svrv. Oeol, Imdodine, XIX, Fasc. 2, pp. 1*44, with (wi* mapa 
(1031). 

* Ibid,, pp. 61-67 ; PL VI ; pp. 6-13* 

“ Dieiier, op, cU., pp. 44-61 ; PL Vli. 

* Ibid,, pp. 61-67 ; PI. VI ; pp, 6-13. 
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being a distinct feature and the slabs of rock being often true luma- 
chelte, as Diener remarked. 

The two faunas of Htam Sang and of the Mong Pawn road in the 
Southern Shan States above described are seen to have somewhat 
different assemblages of species and probably belong to two horizons. 
The fauna from Htam Sang contains the typical Permian brachio- 
pod Lyttonia nobilis as well as probably a few other Productus 
Limestone species, but its composition is unlike that of the typical 
Productus Limestones of the Salt Range, and it is noticeable that 
the common and typical species of the genus Productus occurring 
in that region are absent from it. 

Grabau^ states that 

* The Asiatic Pemiian Ends its most complete expression in South China 
where it begins with the Tttrapora fauna of the Chihsia, and this is followed 

by a series of faunae essentially that of the Middle Productus Limestone 

of the Salt Range ; in it Lyttonta makes its first appearance.’ 

Huang ^ has recently attempted a detailed classification and 
correlation of the Permian of Southern China and puts the XJralian of 
European Russia below the Lower Productus Limestones of the 
Salt Range. We cannot fail to note that many of the species from 
the Southern Shan States show greater aflfinities with Upper Carboni- 
ferous forms than with Permian. 

APPENDIX. 

By Stanley Smith, MA., D.Sc., F.G.S. 

Lophophyllum orientale, sp. nov. (Fig. 1, p. 130). 

The small, simple corals which occur in considerable numbers 
at Htam Sang, Southern Shan States, can be referred to the genus 
Lophophyllum, Edwards and Haime.^ They are closely related to 
CyaiJymmia proUferum, McCbesney,'* of the Pennsylvanian, Spring- 
field, Illinois, ‘ very widely distributed throughout the Western 
States U. S. A. and to Lophophyllum spp. described from the 
Permian of Southern China by T. K. Huang.® (Probably Diener’s 
specimens from the Southern Shan States which he referred to as 

^ Groban, BuU, Otol. Soc. China, XT, No. 3, p. 238, (1931). 

* Huang, Jfam. Oeol. Surv, China, Ser. A, No. 10, pp. 109-112, (1932). 

* EdwaiUB and Haiine, Mon. Pal. Foss., p. 349, (1851). 

‘MoOheeaey* Pal. Foss., p. 75; PI. II, figs. 1-3, (1800). 

* Huang, PedtBOtU, Sinka, Ser. B, VIII, pp. 22.32 ; PK I, (1932), 
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Cyaihaaumia, ind.,‘ belong to the new species from Htam Sang 
here described. ¥. R C, R. ) 

Qenus : LophophyUum. 

Lophophyllum, Edwards and Haime, p. Ixvi, (1850) ; 349, 

(1851). 

Of'nosyntypes , — 

LophophyUum konincki, Edwards and Haime, p. 349 ; PI. Ill, 
tigs. 4, 4a, (1851), Carboniferous, Tournaisian, Tournai, Belgium. 

LophophyUum dunumti, Edwards and Haime, p. 350 ; PI. Ill, 
tigs. 3, 3a, (1851). Carboniferous, Tournaisian, Toumai, Belgium. 
Gvuolectotype , — 

LophophyUum konincki. See Miller, p. 195, (1889). 

Diagnosis, — ymall, simple corals agreeing in most (jharacters 
with ZaphreifUis, but in which the counter septum dilates axially to 
form a stout columella. 

Remarks, — Edwards and Haime^ diagnosed their genus and 
gave as the genotype ‘ LophophyUum konincki nob/. They did 
not, however, describe or figure this species until 1851, so that in 
the earlier work the species has no standing. Miller actually fixed 
the type when he quoted L, konincki as the genotype of Lopho^ 
phyUum. Carruthers'^ makes LophophyUum koninckiy Edwards and 
Haime, conspecific with Cyathaxonia tortuosUy Michehn.^ He con- 
sidered that the type (or types) of LophophyUum konincki represent- 
ed an early growth stage of Michelin’s species. Although he is 
probably right, his conclusion still requires further confirmation. 
CyaLlutxonia toriuosa is a tall slender coral which in the ephebio 
stage has dissepiments, and the septa do not reach the columella. 
If the two are identical as Carruthers thinks and if it should be 
argued that Vyathaxonia proliferumy McChesney, and other corals 
which resemble it in not advancing beyond the LophophyUum konr 
imhi stage cannot be retained in LophophyUum, then these must 
be placed in the genus LophophyUidiu^n, (irabau,^ founded upon 
Cyaihaxonia proliferum. 

^ Dteaw, op, cit., p. 67 ; PI. VI. figt. 12, 13. (1911). 

* Op. oil., p. Ixriy (1860). 

* ^ruthora, Oool. Mag,. Doo. V. X, p. 60, (1913). 

* Miohelin, loon. Zoopb., p. 348 ; PJ. UX, ig, 8, (1840). 

* Orabau, PaUBomt. ^tnioa, Sor, B, Nu. 3, p. 98, (1928). 

K 
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These corals, it may be pointed out, are in no way related to 
CyaOmmia coma, the genotype of Cyathaxonia which belongs to 
an entirely different group of Rugose corals. 



FiqC K Lophophyllum orieiUale, sp. dot. 

A. Traiiaverse B«)otion of corallum, 22 mm. in length. A 1 at 14 mm. ; A 2 at 
16 C mm. (Hiide 1). 

B. TrauBverse section of corallum, 21 mm. in length. At 14 mm. (Slide 2). 

0. Transvei'se section of ooralium (Slide 3). 

All from Htam Sang. 


Lophophyllum orientale, sp. nov. (Fig. 1, A, B, C.) 

Lophophyllum proliferumy McCliesuey, Jakowlew, pp. 9 14 ; PI. 
I, figs. 1, 2, 4, 6, 7 and 8, (1903) (non Lophophyllum proliferumy 
McChesney, p. 75 ; PL II, figs. 1-3, (1860), 

Diagnosis . — Slender Lophophyllum with the counter septum 
strongly dilated and expanded axially to form a moderately large 
columella. Major septa only are present. 

Description . — The corallum is trochoid, and only slightly curved. 
The average height of the specimens from Htam Sang is 20 to 22-5 
mm. and the diameter through the calice 7-5 to 10 mm. The calice 
is moderately deep and the inside tapers to a small floor occupied 
by the prominent columella. The sides of the corals are smooth, 
since they are only lightly striated longitudinally and feebly wrinkl- 
ed. In many specimens, however, the epitheca has perished and 
the edges of the septa are exposed, giving the coral a strongly fluted 
appearance. There are usually 24 or 26 long major septa, but 
the minor septa are not developed. The cardinal septum is short, 
l)ut the counter is much thicker than the rest of the septa and its 
axial edge is enlarged to form a stout columella, varying in its 
transverse section in different individuals, but attaining a diameter 
of 1-5 to 2 mm. The tabulae are distant and slope down towards 
the periphery. There are no dissepiments. The lumen is in 
many cases completely or partially filled with stereome which masks 
the coral structures. 
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Remarks . — This Htam 8wig fonil which occurs in considerable 
abundance appears to be specifically identical with the coral des- 
^jribed from the Pemian of Doties; Basin by Jakowlew and is ve?y 
closely allied to the species of Lophophyllum recently figured by 
Huaug from the Mid-Permiau of Southern China, particularly L. 
zaphrentoidesy Huang^. 

LophophyUum orientate differs from the American form L. 
proliferum, McChesney, judging from the figures of that coral by 
Huang^ in the suppression of minor septai its smaller columella 
and enlarged counter septum* 

Horizon and Locality. — Anthrucolithic, Htam Sang, Southern 
ShaU States. 

References to the genus Lophophyllum. 

R* G. Carruthers, ‘ Lophophyllum and Cyathaxonia : Revisional 
Notes on two Genera of Carboniferous Corals’, Geol. Mag. 
Dec. V, X, pp. 49-66 ; PL III, (1913). 

H. M. Edwards and J. ttaime, ‘ A Monograph of British Fossil 
Corals*, Pt. 1, Introduction, Pal. Soc. Lorid., (1850), 

H. M. Edwards, ‘ Monographic des Polypiers Fossiles des Terrains 
Palseozoiqucs’, Arc. Mus^ d^Hist. Nat. Paris, (1851). 

A. W. Grabau, ‘ Palseozoic Corals of China : Pt. I, Tetraseptata’, 
Pal. Sinica, Ser. B., 2, pp. 1^6 -f 3, 6 pis., (1928). 

T. K. Huang, ‘ Permian Corals of Southern China’, Pal. Sinica, Ser. 
B., VIIL pp. 163+6, 16 pls„ (1932). 

J. H. McChesney, ‘ Descriptions of Fossils from Palaeozoic Rocks 
of the Western States’, pp. 96, 11 pis. Published in three 
parts, 1860, 1861, plates, 1865, (date 1859 on title page). 
The whole republished and rearranged, 1867 in Trans. Chi- 
cago Acad. Set., I, pp. 1-57, 9 pis. 

8. A. Miller, ‘ North American Geology and Paleeontology’, Svo.^ 
Cincinnati, Ohio, {Ccelenterata, pp, 167-210), (1889). 

N. Jakowlew, ‘ Die Fauna der Oberen Abteilung der Paleeozoischen 
Ablagerungen im Donez-Basin ; II, Die Korallen’, Mem. 
Com, Geol. SU Petersbourg, N. S., Livr. 12, pp. 1-16, PL I, 
(1903)« 

^ Haang, op oU., p. 28 ; FI. II, fig5. 7, 8, (1932). 

* Huang, op cit., n, figs, la^ld, (1932). 
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EXPLANATION OP PLATES. 


Plate 1, Fxo. 1. — Produdus (Marginifera) of. kweichowensis Huang. X 2. Htam 
Sang. 

f, Fia. 2. — Avlosteges cf. tibdicue, Dioner. Interior of brachial valve. 

X 2}. Near 24th milestone on Taung*gyi-Mdng Pawn road. 

n Fig. 3. — Productua (Marginifera) bivius, sp. nov. Pedicle- valve. X IJ. 

Near 24th milestone on Taung-gyi-M6ng Pawn road. 

tf Fig, 8o. — Productua [Marginifera) biviua, sp. nov. Posterior view of 
same specimen. X IJ. 

t, Fig. 36. — Productua [Marginifera) biviua, sp. nov. Portion of surface of 

shell of same specimen. X 4. 

„ Fig. 4. — Squamularia duplex, sp. nov. Complete specimen. Brachial 

valve view. X 2. Htam Sang. 

„ Fig. 4a. — Squamularia duplex, sp. nov. Complete specimen. Pedicle- 

valve view of same specimen. X 2. 

ff Fig. 46. — Squamularia duplex, sp. nov. Complete specimen. Side 

view of same specimen. X 2. 

„ Fig. 4c. — Squamularia duplex, sp. nov. Complete specimen. Anterior 

marginal view of same specimen. X 2. 

„ Fig. 4d. — Squamularia duplex, sp. nov. Complete specimen. Portion 

of surface of same specimen, x 12. 

n Fig. 5. — Notoihyria peraimilia, sp. nov. Complete specimen. Brachial 

valve view. X 2J. Htam Sang. 

„ Fig. 6a. — Ndothyria peraimilia, sp. nov. Complete specimen. Side 

view of same specimen. X 2J. 

„ Fig. 66. — Notothyria peraimilia, sp. nov. Complete specimen. Pedicle 

valve view of same specimen. X 2|. 

„ Fig. 6c. — Notoihyria peraimilia, sp. nov. Complete specimen. Anterior 

marginal view of same spedmon. x 2j|^. 

4 , Fig. 6<f. — Notothyria peraimilia, sp, nov. Complete specimen. Portion 

of surface of shell of same specimen, x 10. 

44 Fig. Q.—SpirigerMa pradonga, Waagen, var. nov. ahanenaia. Complete 
specimen. Side view. X 2. Htam Sang. 

- 4 , Fig. Qa.—SpirigereUa praeonga, Waagen, var. nov. ahanenaia. Complete 
specimen. Anterior marginal view of same specimen, x 2. 

Fig* 66. — Spirigerelhpraelonga,Waagen,YaT,m)y. ahanenaia. Complete 
specimen. Pedicle-valve view of same specimem X 2. 

^ Fig* ^-Spirigerdla pradonga, Waagen, var. nov. ahanenaia. Complete 
spe^en. Brachial valve view of same specimen, x 2. 

^4 Fco. ^Spirigerdla praetor^, Waagen, var. nov. dtanenaia. Complete 
specimen. Portion of surface of shell of same specimen. 
X 8. 
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Plats 1, FlO. 7. — Spiriferina (SpirifereUina) ^fianerms, sp. nov. Complete 
specimen. Brachial valve view. X 2^. Htam Sang. 

„ Fia. 7a. — Spiriferina (SpirifereUina) shanensis, sp. nov. Complete 

specimen. Pedicle-valve view of same specimen, x 2J. 

„ Fig. 7b. — Spiriferina (SpirifereUina) shanensie, sp. nov. Complete 

specimen. Anterior marginal view of same specimen. X 2J. 

„ Fig. 7c. — Spiriferina (SpirifereUina) ehanensis, sp. nov. Complete 

specimen. Side view of same specimen. X 2J. 

„ ‘ Fig. 8 . — Spiriferina (BeUculariina) conquisita, sp. nov. Brachial valve 

view. X 2^. Htam Sang. 

„ Fig. 9. — Spiriferina (ReiiGulcmina) conquieita, sp. nov. Another speci- 
men. Brachial valve. X 2}. Htam Sang (A. 534). 


P 14 ATE 2, Fig. 


Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 

Fig. 


Fig. 


Fig. 




Fig. 


1 . — FenesteUa muUinodtilosaf sp. nov. Portion of zoarium- 
X 15. Htam Sang. (A. 534). 

la. — FenesteUa muUinodulom, sp. nov. Zoarium of same speci- 
men. X 3. 

2. — FenesteUa gemmataf sp. nov. Portion of zoarium. X 12. 

Htam Sang. 

3. — Rhabdomeson ehanense, sp. nov. Portion of stem. X 12. 

Htam Sang. 

4 . — Fistulipora servaia, sp. nov. Portion of surface of zoarium. 

X 10. Htam Sang. 

4a. — Fistulipora servaia^ sp. nov. Zoarium of same specimen* 
nat. size. 

5. — Polypora discreia, sp. nov. Zoarium showing dissepiments. 

X 2. Htam Sang. 

б а. — Polypora discreiaf sp. nov. Another part of same zoarium 

without dissepiments. X 2. 

бб . — Polypora diecreta, sp. nov. Portion of branches of same 

specimen. X 10. 

6 . — Michdinia dieneri^ sp. nov. Complete corallum. x 2. 

Htam Sang. 

0a . — Michdinia dieneri, sp. nov. Portion of same corallum. X 

6 . 

7. — StreMotrypa bassleri, sp. nov. Portion of stem. X 15. 

Near 24th milestone on road from Taung-gyi to Mong 
Pawn. 

8 . — Streblotrypa bassleri, sp. nov. Portion of another stem. 

X 20. Htam Sang. 

9. — Rhombopora drcumcincta, sp. nov. Zoariunu X 2. Htam 

Sang. (A. 634). 

9a. — JShombopora drcumcincta, sp. nov. Portion of same speci- 
men* X 12. 
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Plabb Fm. 10. — IthoMboporB eireufMinthh tp> nor. Portion of ailother ipeoi- 
men* X SOt Htftta Sa&g. 

II FzGk 11. — Poi^pora konintkiAmh WaAgen and Fichl» vtr. llov. poMera. 
Zoariumu X 1|. Htam Sang« 

II I^a. llo* — Pdppora koninokiianc, Waagen and Fichl, Tttr. iidV. podera. 
Portion of iame speciineiu x 6^ 

H Fio« 12. — Bkombopota nov. Portiob of BtO&i. x 15. 

Htam Sangh 

II Fm. l^-^Rheibdvme$on wbmnn^ ap. nor. Poii^On of x 15. 

Near 24h milBetcme on road from Taung-gyi to MOng 
Pawn. 

I* Fio. 14t-^)Sife6io<ry^wi birmanica, fep. noV. Portion of stem, x 16. 

Htam Sang. (A. 634). 

o FiOb 15 . — Strophalosia sp. Brachial valre. X 2t Htani Sang* 
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TAUNQGYI TO HOPONQ (sheel 93 H/i). 

For ten miles east of Taunggyi, as measured along the main 
road, Plateau Limestones ortutmne. They build the precipitous 
crags and the ridge that faces a Lower Palaeozoic inlier on the 
west and overshadows Taunggyi on the east, in consequence of 
which the road has to make a detour of some miles to the south 
before ooutinuing in its normal direction. These crags have a 
general easterly dip with a few minor undulations down to the 
Hopong plain at Pa-leng, ten miles from Taunggyi. 

The rocks seen are all typical representatives of the lower div- 
faSon of the Plateau Limestone, sometimes grey breociated dolomites 
friable enough to be kicked to powder ; oftener, harder, greyijdi 
white, recemented material with a deceptive sandy appearance and 
opominnaHy handed with pink. Trawertitte aod seeandajy iiiORitoies 
are of ocmmon ocourrence over the flat ground between the first 
and second steep descents, i.e.^ between BsUes 5 and 8, 

Before joining the plain at Pa-leng, another line of sharp crags 
showing dip-slopes to the east is passed, and the highest of these, 
4,643 feet, has a well-known sacred cave on its southern spur. 

Just east of Pa-leng the road touches the southern edge of an 
inlier of the Lower Palseozoicg, poorty exposed in a few places bet- 
ween this village and Hopong. Along their junction with the older 
rocks the Plateau Limestones are fossiliferous, showing sections of 
ciinoidal stems, brachiopods and corals. A cap of simiJar limestone 
lente unconformably upon the older rocks about tcm miles W. 

of Hopong. The latter rocks that build up the greater portion of 
the ridge here, dip steeply to the east and the Plateau Limeefcone, 
showing gentle dips to the north-east, forms the crest of the ridge 
with peaks of over 6,000 feet height. 


TRAVERSE SOUTH OF HOPONQ (sheets 93 «/i »wl H/3>. 

Hopong lies at an elevation of 3,600 feet ai the bsad wf the 
naerow plain of the Nam Tamhpak, a stream wfaieh flows to the 
south through the small Shan States of Namhkok, Nawngwawn, 
Wan yin and Hsahtung, for 86 miles before it turns east to enter 
the Nam Pawn. Along this portion of its course, it forms the north- 
ern boundary between the Federated Shan States and Kan tara wadi, 
one of the independent states of Knrenni, 
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A tarnm’i^e was nyhde this MaUef frona Hopoi^ to Nam- 

hJcol^ a distance of 13 miles. Aitoutid Hopong the character of 
Pt^ 11 ocHintry, although it is underlain by Lower 

the l^pS^r Palaeozoic rocks, recalls the downs of Thama- 
between Kalaw and Taunggyi, in its 
rounded grassy outlines, bamboo groves, lines 
of giant aloes and occausjional banyan trees, but the valley is hemmed 
in to the north-east and west by limestone hills. For the greater 
part of the distance traversed, the road lies on the alluvium of the 
plain or on the lower flanks of the eastern foot-hills. In the first 
mile or two, tufa is abundant in the alluvium. Although exposures 
are few and far between, there is littie doubt that for five or six 
miles Plateau Limestone forms both waUs of the valley ; thus at 
the sixth mile tabular, westerly dipping hands can be seen as steep 


scarps. 

The isolated hill of Loi Tang, which rises from the plain to the 
west of the eighth mile, has a thick capping of Plateau Limestone, 
probably of the younger division, and may be entirely built of this 
rock. 


Further south, however, a change becomes apparent and while 
the limestones continue in the western hills, the eastern ones lose 
their rugged character and become more 
rounded, the terra rossa giving place at the 
same time to sandy, light reddish brown soils. 
The character of the vegetation alters, scattered pines soon appear 
and increase at the expense of the other trees until, as in the case 
of the 4,010 ridge south of Namhkok, they become pure pine 
forests. 

Between miles 11-7 and 12 there are poor outcrops of much 
weathered and altered brown, red-stained shales and light-coloured 
sandstones. These have undcigone surface 
iSbJSl uSc changes analogous to lateritisiition with the prod- 
uction of limonitic iron ore in places. No 
fossils were found, but the rocks themselves and the character of 
the country generally strongly recall the Namhsim group of the 
Nortiiem Slum States. 

To the east of Namhkok, however, and within two miles of the 
town, are fantastic peaks and great chinmeys of limestone again ; 
outlying spurs of the Loi Mai range, the divide between the Nam 
Tamhpak and the Nam Pawn* 
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IU>PON(i TO HTAMSANQ (sheets 93 H/i and H/5)- 

The hi^lior ground east of Hopong, where the road crosses it, 
Una no well markt'd direction nor individuality for it consists, at 
duy laie in this latitude, of a series of valleys of enclosed drainage, 
the winding rims of which give rise to a confused topography. 
iMirther south the development of a single ridge with peaks of 
o\Tr 8,000 feel in altitude, forming the boundary between the Hopong 
and Namhkok States on the west and Mong Pawn on the east, 
seems to betoken a change in lithological composition. 

Ascending through this area, winding around the spurs or zig- 
zagging across them, no rooks were seen except one or other of the 
many varieties of the Lower Plateau Limestone, until a minor crest 
is crossed at mile 20-7 where sandy shales follow brecciated dolomite. 
These continue to a point between miles 21-2 and 21-3. Near mile 

22-3 there is a cauldron valley with limestone peaks around it and 

craggy outcrops continue at intervals to the crest at 22-7. Here 
there is a change and limestones are replaced by brown-grey and 
white, sandy shales. 

Beyond these shaly outcrops at mile 23-2 occurs the first of the 
fossiliferous localities of the upper division of the Plateau Lime- 
stone, the organic remains from which enabled 
Pufeau Diener to prove its Permo-Carboniferous age.^ 

Middlemiss* was the first to obtain fossils in 

this neighbourhood and though it is not possible exactly to deter- 

mine the different localities he mentions, his descriptions of the 
rocks themselves cannot be improved upon and for this reason 
are summarised below. The conversion of the rough cart track 
which he traversed in 1898 into a modern motor road has destroyed 
the utility of his distance points as a means of identification. 

After describing how crushed and powdery dolomites with an 
irregular but high dip are followed by westerly dipping concretionary 
limestones, replaced in their turn by grey shales and interbedded 
concretionary limestones and marls, dipping east at 30° to 40°, 
Middle miss describes how in these rocks, between miles 20-5 and 
20-6, he first found fossils (localities 1 and 2). They made their 
appearance on the weathered surface in the form of corals, crinoid 
stems and brachiopods (chiefly Athyria sp.). The fossiliferous zones 
are generally either thinner band^, semi-ooncretionary limestones 
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in the vicinity of shales, or shaly or marly layers. Crossing the 
little pass at milestone 21 a course of dark grey fissile shales is found 
dipping at 30° to 40° to the east, weathering a pale buff or khaki 
colour with one or two thin quartzitio and somewhat calcareous 
layers. Descending now regularly towards Htamsang, past mile- 
stone 22 till near 23 miles 6 furlongs a fine section of thin- 
bedded, concretionary-tabular bryozoan limestones with the usual 
interbedded marly layers, all packed with bryozoa, corals and bra- 
chiopods is found still dipping east (Middlemiss’ locality 3a). 

Again at milestona 24 similar rocks contained an abundance 
of foseils ; amongst the brachiopods found in crops on the rain- 
loosened surface of tlie weathered shales, being several species of 
Athyris cf. roym and SpirigereUa cf. derhyi together with a quant- 
ity of Chondes grandicostaia and a few specimens of Spirtferina 
cristata, all characteristic of the Middle Prodiictus Limestone of the 
Salt Range. 

As measured along the road to-day, the places in which the belt 
exposures of the bryozoan limestones occur are at miles 23-7 and 
24-1 on the roadside. From representative collections made at 
these localities, Dr. F. R. C. Reed has identified the fossils listed 
in his paper on the Anthracolithic fauna of the Southern Shan 
States.^ 

Htamsang Rest House is situated at mile 26-4 and aroimd it 
and the village further west there are abundant rocky outcrops of 
the Lower Plate>au Limestone protruding through the soil cap in 
all directions. 

The road continues to descend to a natural bridge between 
miles 26-6 and 26-6 which Middlemiss termed ‘ a covering-in of 
the stream-bed, a limestone bridge left like a snow bridge spanning 
the chasm \ A short distance down-stream, at the bottom of the 
western wall of the gorge, is the entrance to a series of }H)d 

extensive caves carved out of the crushed, greyish white dtdoniitr 
cliff. The road slowly ascends to the north-east and after a sliarj) 
turn to the east leaves the lower dolomites about, mile 27i to 
the tabular, greyish-black Permo-Carboniferous limestones and cal- 
careous shales again which continue to the top of the ridge at mi!e 
28-3. Somewhere about here Middlemiss found his fossil locality 
No. 6 from which he obtained Spirifer musakkelensisy Produdna of 

» nec. Q$oL Surv. Ind„ LXVU, pp. 83-134, (1833). 
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titddem, Spiriferina ctirtakt, and a laige Bfmbrar of Ckonetn af. 
among which are Ch. gmniioasta and Ch. dv^ aio tm aB emiiiairify 
characteristic of the Middle PtodHotns Lkuestoiie.^ 

A hurge coUection was made at the creat by ns and Dr. Reed 
has identified the speeies feted in thie paper referred to above.* 

HTAMSAnq to MdNO PAWN (sheet 93 H/s^. 

After leaving the erest ol the ridge wkh its richly fossOiferous, 
tabulu Penno-Carbouiferoua limestones at mile 28-3, the road 
commences its winding descent to the Mong 
*^**'*” ** Pawn plain at mile 37-2, and about mile 36-5 
again encount»s fossUiferous Permo-Garbon- 
ilsKOUB strata which here border the plain. Between these two 
ejq^sores there is a series of rocks consisting in the main of greenish 
grey shales, sandy shales and purple mudstones with less frequent 
sandstones and a solitary band of limestone. From these rocks 
C. S. litiddlemiss in 1898 * obtained an knpression of part of a tril- 
o>bite„ a gastropod, and ill-preserved cast of a portion of a Nautilus 
sod some indistinct vermicular markiugs, but they failed to yield 
any fossils as a result of Dr. Coggin Brown’s earlier examination. 
He pointed out then that the evidence, scanty as it is, points to the 
aaries being older than the Plateau Limestones, while lithologically, 
•qmcially in the presence of fine-grained sandstones, it appeared to 
have affinities with the Hamhsim (Silurian) beds of the Northern 
States. It was also stated that this was merely a tentative opinion 
and that the question would not be settled until more extended 
searoh than he was able to devote to them, at that time, bad 
revealed a larger fauna in these beds. 

An opportunity for a re-examination occurred in February, 1932, 
when we succeeded in finding fossil-bearing layers in both purple 
slates and tough brown mudstones at mile 33-4, which contain 
smad brachiopods (mainly OrtAis sp,), a few cystidean plates, 
bryoeoa (moluding Phjfioporinoi sp.), pieces of small trilobites and 
fnagmants of other fosi^ renudns. Phylloporina is a bryozoan 
waging fwm Ocdoviciaa to Silurian, but the only speries hitherto 
dwiirihfd fcom thei Shaa Statsa is Phyflogcrwa or%entaU», Beed, 
fena, tha Lower Nauni^angyi, stage. The fauns SS' a whole, indeed, 

Otn. Btp. Otol. Burv. Jnd., 1690-1900, p. 188. (1900). 

• Ace. 0col. Bvrv. Itid., LXVll, nt. 88-86. tlSSS). 

* hoc eiL, p. 136. 





i ftd l »< l 6 e otsa of tie Nartua^bmgifi Itorizotts »nd the pfobohiliM^ mm 
is that the whole sequence here referred to is of Ordovician age. 

Abimdaiit speeiMiene of Aff^jn9 &p, and other hraoMopoda may 
bo' ohtahied liottt the Plateau liunestone sear the M fta g Pawir 
the fostiBferoht by following the short cut which leads 

Mewitofimi tigktg Hit down to the riv^ from the main road. Here 

AMing P##M gMi. ^ weaftbemd out in almost perfect pre- 

servatiofi a«tf occur in the clay on the sides of the foot path. The 
fresh seetioiw e# the limestone eixpesed in the road cuttings ofer 
an oppor t u ni ties tm eeltection. 

In connection with this and other fossiliferous localities in the 
same rocks of the Htamsang-Mong Pawn neighbourhood, which 

The Pcraio CanboN consistently referred to as Permo- 

\1^m age ol these autf Oarbonifefous followmg Diener’s determkia- 
tioii',^ it is necessary to note that Dr. Cowper 
Reed, who* has seen a few selected specimens, 
does net think that tbeso is any etidenoe ion the Salt Range Pio- 
ductus Limestone fauim amoi^st thenr. As it has been customary 
lithertoi to regard^ alt those Shan^ States Permo-Carboniferous forms 
a» move or tbss eharactemtic of, mf nearly related to, those fousid in 
the JftdHle PkniiwtuB Limestone of tbs Salt Range, the necessity 
foe an expert opknon on the hefge coHeetions which have been UMBofo 
by ne in the hint two* years ie evident. These collectfons are lavge,. 
Varied, and ki excelfont preserva^on, and ai^ far in advance in these 
respects on any others previously made in the Shan States by mn- 
lier worhsss.* 


certain. 


MONO PAWN TO LOI-SAMHPU PASS (sheets 93 H S and li/ 9 ). 


In atm esa&m report’ the rock sequence which badds the western 
ftmk tile Loi^Sanahpe ramge has been described as a sandy 


mmB conssti^ in the^ main of soft, fine^ 
sandy seiOn Sailttv the gained, fawn or brownmh grey sandstones ao- 
WMtamfflanleof the iob- sandy shales. No fossils at that 

tittle were found to ooour in; them and further 


An«meoK»hie Foadilt^ oT tlie 9fasw StetaoV M; JM., K&w SettoO' Vot. m, 
Mem. No. 

■' Since tliis paragraph Vaa written the reaiilla of DK Reed’s examination of tlkMM 
fca rtt s lta\e been. ttioWoed and^ jMbMM in BbiO 1 of titia volonra of the Mkoords, 
Dr. Reed.sbowa that theao foaaila am 'Antbraooliliiii* In aBO—Bd. 
aea. Syrv. /imC, yol EXVT, Pt t, p. 99, fSsS). 
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mtensive searolies have again huled to discover any traces of organic 
remains. 

A few years ago, a prospecting license was granted over an area 
which embraced two miles of the crest of the Loi-Samphu range, 
including peak 6,091, extending almost down 
eB^tteSsamS"' Hawngmakka ohauny on the west and 

to the villages of Tawngnaii and Panglong on 
the east. It is reported that the licensee got into financial diffic- 
ulties and absconded. The area has not been examined in detail 
but specimens of galena, alleged to come from it, have been obtained. 


LOI-SAMHPU PASS TO LOILEM (sheet 93 H/9). 

In the same way the hard, slaty, grey or greyish blue limestones 
with occasional patches and streaks of a brown shale, forming both 
sides of the pass which leads the road across 

»foiiM*forrarthe higher the Loi-Samhpu, at mile 49-7 from Taunggyi, 
eastern Hank of the Lol- have failed to yield fossils. The strike at the 
^ * summit is approximately north and south and 

dip easterly at 45"^. Beyond these exposures of limestone and as 
far as mile 51-6, there are alternations of splintery, slaty blue and 
slabby limestones with sandy mudstones, perhaps derived from 
impure calcareous bands. The strike at this point has swung round 
to N. N. E.-S. S. W., but the high easterly dips continue. About 
here highly cleaved and contorted light greenish grey and purple 
slates appear, the latter varieties continuing down past mile 51-6, 
where the dip changes to the south-west, only to revert to this 
prevailing easterly direction once more vdthin a few yards. 

The road crosses the strike of the limestones again at mile 52-1 
and they are repeated after a blank patch at mile 52-3, where they 
are followed by bleached sandy purple shales. These rocks have 
been exceedingly disturbed and continue, though not in continuous 
outcrops, beyond the bottom of the hill as far as mile 53-3j^. 

In the earlier report it was stated that at mile 53-5, an area 
studded with small pot-holes is entered and that good exposures 
of limestones are visible on the southern side of the valley, which 
belong rathei^ to the lithological types met with to the east erf Loilem 
than to those which form the upper part of the Loi-Samhpu range. 

This <pinion revived abundant confirmation during the present 
season^ wcwk, for at mile 54-1 a band of dark carl^naoeoua shale 
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was found coataimug abundant speoimens of Monograpitts, the species 

The Panghkawkwo which appear identical with those from the 
graptoUte bed was ieund Panghkawkwo graptolite bod. The dip of the 
to the we.t ol Lollein. jg ^ g g benefit of 

future collectors it may be pointed out that the best specimens 
are obtainable on the western approach of bridge 2/55.) 

Poor exposures of shales between miles 65-1 and 65-2, usually 
in brown stained, greyish varieties yielded a lamellibranch and a 
few small brachiopods. These shales correspond with the mudstones 
found by Sondhi between miles 69-1 and 69-2. 

At mile 56-6, although there are no rocks in situ, pieces of carbon- 
aceous shales from the rain-washed detritus of the roadside were 
found to contain Diplograptus and other forms. 

The best exposures of limestone on the west of Loilem (mile 
67-6) are at mile 66-3, where pink, phacoidal varieties occur, ident- 

Silurian Umeatone ex- Panghkawkwo grapt- 

pofuret netr Loilem it- elite bed. The dip here is to the south-east 
at about 40°. At Loilem itself, elevation 4,200 
feet, there are no exposures, the rocks being masked under a thick 
mantle of residual soils. On both sides of this however, the Silurian 
limestone can be seen outcropping on the hillsides while the extra- 
ordinary number of little cauldron valleys in the neighbourhood, 
seventy or eighty of which exist within a radius of three miles to the 
north-east and south-west, prove its presence in the immediate 
vicinity. 

LOILEM TO WAN PONG^ (sheet 93 H 9). 

In the earlier report the occurrence of the Silurian coral Poioco- 
cydus? sp. was recorded from the pale purple mudstones which are 

New fouil localitiei in ^ exposures of the roadside cut- 

Silurian rocks near tings about miles 58-6 to 68-7 just beyond 
^®**®"** Loilem. The first exposures of phacoidal lime- 

stones, usually of pink and purple colours, occur at the spillway of 
the Loilem lake, a large and picturesque sheet of water which has 
been brought into existence by means of a dam across a valley of 
enclosed drainage just above its sink-hole. From three separate 

^ In the earlier report Dr, Coggin Brown identified Wan Pong with Baniping, tlie 
meet easterly point reached by OL 8. Mlddlemiss in his traverses of the Southern Shan 
Btatea in 1898. This is inoorroot. Bamplng is the modem Bampon, a place in Mongnai 
State, ten miles west of the capital, and kltuated about 20^ 30' : 97'' 47' on sheet 93 
H/L6. 
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tends of teomi mdsfonea wUte ^ Br ft, betnaen miias 60^1 
and 56-i, Sondhi made a egBoatt eofiectsen ed fossils which will, 
wten determined, assist ki fiskig^ tte ecsaet age of these teds. !Che 7 
are slrse^ly folded and hi^ dips both to the B. S. B. and W. S. W. 
Imen been recorded. The main Mmestone ootcrops start between 
69-2 and 59-9, (Mj^ping geaesalfy to the west os nofth-west, nader- 
hdd at G6<-3!^ by grap^iolite beds of Pafl^hkawkwov 

M may be leca^df here that the eonmoAev liitteitoiie typcv are 
bard, rery fine-grained, eoo^et roek» of variMB shades ot 

and dark grey which break wMb a ^Ikubevy 
8t(m?^^^^****^***”^ fr»ctttFe> The imrlcMm ehasaeter of the guoand- 
mass ia deosfPthrev for on WBatheBing wavy 
layers become prominent giving rios* to» a charaoteristiK! krge seak 
eehtilar or potygonal-pattemed surface. Piak, gveea aad purple 
varkties are rarer and oceaeionahy the rockfih are> wel^baaded in 
laiyerg e# alt^na^g e^dours; 

The graiE^Iite beds are white or greyish white fisstfe dudes 
eftea with dark grey lamtn» and mxuw rarely brown and light 
pur|de when they devekp a thhker bedding 
Sfs^nte aw* am not sc easily split. In places- they 

ate severely emshed and i(^ed bnt th» gmisisl 
strike is N. 16° £. and the dip westwly at 66P. Frovisinial determ- 
inations by Miss G. L. Biles refer the speeiaens- to CUtmKogniphu 
sp, saidi Mmogrofptna »eigu}idti or prioim, Tw» hoakons ajqmar 
to be represented and the present season’s collections should finally 
settle this point. The bed is believed to be not lower than Upper 
Yalentian white it might be higher Salbpian. 

About mile 60-4 where the gn^tolite bed ends, ^ere are no 
eontmuons outcrops but such as do exirt bett^en a disturbed eon- 
tact, the farmer d^i&g westerly and the under- 
k«wl plipr»ed.T*‘ ^5^ P"*P^ ^ easterly. These beds* are 
dark purple madstemesi often nodular, gene- 
ral^ bteaehed and cefftamisg orinead sings and trashed firngmeatary 
fossils of Upper Naungkangyi age. Their dip changes* rapidly from 
tertioal to* both easterly and westerly in a dtort distance. 

The purjde beds end in a snndl streaoa bed at mifts GOMi* «md 
are followed by black and white sandy shales with Monogroptua 
_ aimilas to the PanghJeawkwo vaskties.- Continr 

tes^bsflB rr rrpiTin f *®®T» ^ ‘*®' ^M tw od 

by overlying limestone bands dipping to the 
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IL & B. anid iidienlkat Mikolngkafiy wksh tbe mm foud Mow 
FftngbMwkwck 

At mik il-), the higkest point is reached and the road turns to 
tW noatk (and lattev to the east) as it xigzags down past 
oar te gently sloping gtound which leads on to Wan ^ng at mile 
66. VroBB the top to a point near mile 63-7 such rock exposuses 
an me visible eonsist oi lepetitions of the same types. Although 
lioaestones are the prevailmg rocks, outcrops of grapMite beds 
were also found, an advance on the prevkms obaervatixis and a 
proof that the whole of this part of the country is a closely padded 
seiieB of folds in rocks of Silurian wd Ordovician age. Details of 
the more imp^niant isolated exposures are given below: — 


■ Just beyond mfle 60-7, the limestones are followed! by hard, 
cleaved, carbonaceous and soft, faded purple 

ImJolSteiomer"' contain poor speekneBS of grapt- 

elites and fragments of trilobites. 

Phacoidal Kmestones of normal types then occur which at mile 
61 dip E. 8. E. but between 61-3 and 61-4 this changes over to the 
W. N. W. At mile 62, an interbedded band of calcareous shale, 
again of a purplish colour, dips W. N. W. and is foHowed by 
limestone. 


Between 62-63 and 62-6 the visible rocks appear to be diipHc- 
ations of the Panghkawkwo graptolite bed. Near mite 63, the lime- 
stones give place to pale-brown mndstones, not unMte those des- 
cribed from about mile 69-1, near Loilem, but they are followed 
immediately by limestone again, dipping W. N. W. 

A large bluff of well banded, coarse honeycomb-weathmei Ikno- 
atom hangs over the road at mile 63-6. Prom 63-7 to 64, bands 
of light, indurated shales, with thin layers of darker cotours, occa- 
sionally passing into bleached carbonaceous shales, carry abundant 
gpaptolitea in a poor state of preservation. The decomposition 
undergone by these rocks in suitable positions is impressive md 
upwards of 30 feet of variegated clay overlies them in situ in some 
of the cuttings. Interbedded bands of slaty blue-grey limestones 
with thin seams of siderite become commoner further east and 
between tidies 64-1 and 64-2, Bmestones alone were seen. The 
latter continue at intervals to mfle 64-7 where there aw furfter 
ocouxTenoes of sandy graptdlite^beamg shake, foDbwei by mew 
outcrops of limestone up to xniih 9k 
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Httre a complete change in topography takes place. The broad 
belt of elevated country, composed mainly of alternating infolded 
4 bands of limestones and shales and seamed 

pliolosiCAl ch«fis:e takes with lines of small sink-holes along the 
place at mUe 65. strike of the thicker limestone horizons, gives 

place to lower ridges, divided by sm^ll permanent streahas, which 
wind down to the Nam Teng, or disappear underground as soon 
as the edge of the great spread of Plateau Limestone is reached six 
or seven miles further east. 


At mile 66 the road turns to the east and south-east around 
the headwaters of one of these streams, the course of which is marked 
by a narrow stretch of paddy cultivation to which its alluvium is 
devoted. It then continues along the low ridge separating this 
valley from the one to the north in which the Nawngpawn lies. 

Striking as this change of topography is, it is no leas remark- 
able than the lithological variation which is responsible for it, for 
beyond mile 66, the limestones completely dis- 
In thHitholofy^ change appear and a new sequence of rocks makes 
its appearance. Thick soil buries all outcrops 
until mile 66-6 where pale brown, marly mudstones are found in 
poor exposures, interbedded with greyish white papery shales. The 
mudstones break up into small roughly spherical-shaped fragments 
and contain casts of the rings of small broken crinoid stems. 

After a short break in the sequence, they are followed near mile 
67 by fine-grained sandstones of dark tints, sandy shales and thin 

A predominantly bleached purple mudstones, again 

sandy series between with infrequent crinoid remains. Na-pok vil- 
ihlle 67 and Win Pong, passed at 67-2 and between miles 67-5 

and 67-6 there is one small outcrop of felspathic sandstone. More 
sandstones and shales occur between this point and mile 68, while 
from here to 68-4 there are practically continuous sandstone out- 
oropil. Shales appear again between 68-4 and 68-6 and beyond 
these the rocks are entirely hidden, with the exception of a final 
exjposure of light shales and mudstones at mile 69, on the western 
edge of the Wan Pong plain. 

The best examples of the marly mudstones and shales in this 
section are at bridge 3/69, just beyond mile 68-4, where they are 
greal^ fcdded and strike fi. N. B.— W. S. W. The most typical 
sandstones occur at bridge 2/69, at mile 68-3, where they are white, 
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soft and cleaved. A thin band of bleached carbonaceous shale is 
found in the sandstones just before the bridge is reached. 

Now the Lower Namhsim stage of the Northern Shan States 
is essentially an arenaceous one, the whole ol the beds are of a 
Possible Silurian cor- iiature, sometimes very coarse in text- 

reUtlon of the sandy ure and elsewhere fine-grained and compact, 
***^®*‘ hard and splintery. They also attain great 

thicknesses up to at least 2,000 feet in places, and occasionally 
have beds of coarse conglomerate at the base. Fossils are naturally 
rare in such rocks. Yet they do occur in the softer, finer-grained 
varieties and are sufficiently well-known to make the identification 
there as homotaxial with the Wenlock or Middle Silurian a positive 
matter. Until fossils are found in the rocks under description, it 
is unsafe to make comparisons and all that can be stated at present 
is that lithologically, and especially in their common strongly fels- 
pathic character, there is much resemblance between them. 

MR. SONDHI’S TRAVERSES FROM LOILEM (sheet 93 H/ 9 ). 

Mr. Sondhi made a traverse from Loilem to the east, joining the 
main road again, which here makes a wide detour to the south, 
between miles 63 and 64. 

For the first half mile there are no exposures visible beneath 
the prevailing light brown soil. After this limestone crops out 

Aserlegofinterbedded rock, sheared, phacoidal and 

iimcftones and mud- platy, in which the individual phacoids are 
**®”®*’ up to two inches in length, one inch wide, 

and a quarter of an inch thick and separated by shining black 
films. Further to the east pinkish brown limestones occur and 
contain two bands of mudstone, similar to those found between 
miles 69-1 and 69-2, on the road and from which small brachiopods 
were obtained. These limestones are succeeded by a series of mud- 
stones which are rarely exposed, but near the top of the first ridge, 
limestone is again met with as a chocolate- coloured rock, interbedded 
with various phacoidal varieties. These continue on the descent 
to the main road. At several places in the interbedded mudstones, 
traces of organic remains, particularly crinoid stems, are present. 

On another excursion further north still, Sondhi ascended 
the valley of the southerly flowring stream which passes Ho-hkai 
(a village two miles north of Loilem) and rises in Loi Lang (6,608 
feet). Red mudstones with fragmentary fossils probably of Naung- 
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kaiagfi age ^oe«r on both sides of tiie valley^ Asoeadiiig feom it 
Lol Un u built of ^ ti>ere is an interbedded Kmeatone 

Nflitnilcnngjl muditon^ which, striking north, fonsoB the auBiinit 

Snd^ * Hmestoae of tiie mountain but the whole of file main 
southerly fa-ending spur from Loi Lang is com- 
posed of tbe same mudstones with cystii plates, crinoid stems aad 
fragmentary brachiopods. A narrow quartz vein was traced for about 
half A mile on the adjoining spur to the west. 


TRAVERSE TO THE NORTH OF LOILEM (sheets 93 H/P and 

93 Q'la). 

A traverse was made from Loilem for 13 miles to the north , 
foilowing the course of the upper portion of the Nam Pawn before 
it breaks through the high boundary range (the Loi Samhpu) on 
the west, to resume its southerly direction through the centre of 
the State of Mong Pawn. 

Tlie valleys appear to have been the site of an old Pleistocene 
lake, for thick pebble bods and clays are seen in the side streams, 
especially near Wan-In, where the pebbles and 

ceJ/urntrlwdSot boulders consist chiefly of vein quartz. Pan- 
ning tests, however, failed to reveal the pre- 
sence of gold ; indeed, there was surprisingly little concentrate of 
any kind obtainable. 

Exposures of solid rock are very infrequent as the road follows 
either the valley floor or the thick soil-covered flanks of the lower 
foot hills on the west, south of Panglong — 6 miles 7 furlongs norfh 
of Loilem, and on the east, north of that place. 

About mile 11 there are poor exposures of weathered purple 
mudstones containing traces of fossil fragments similar to those 
found by Mr. Sondhi on the spurs of Loi 
^uditonesafthenth Lang ^5^608 feet) furtiier south. At the out- 
crops these rocks have undergone profound 
superficial changes and are converted into impure iron-ores. 

They have evidently been used as a source of metallic iron by 
the Shans in times past, as slags are abundant hereabouts and are 
used by the Public Works Department as a 
surface dressing for the road, which is the 
main line of oommunioation between the North- 
ern ami Bouthem Shan States. 
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At mile 12 bard, ffreyuk bhie Uiiiiestoneg with small birown in- 
dusioiu of fliboeoufl mahter occiir, a loek type which can be matched 
with eefftain rmrieties of the Silurian limestones further south. 

The caafcern boundary ridge of this valley uiKloubtedly rxwisists 
of Lower PalsDozoic rocks in wluch both Ordovician and Silurian 

SHurlan liorlions predominate. Judging from the 

iM'olMMy occur aboirt Iknestoncs, the reddish brown sandy soils and 
nile» 12 and IJ. abundanoe of pine trees, the latter probably 

pfodominato where the vaUcy is left between the 12th and 13th 
miles. 


WAN PONG TO HSAIMONQ (shaets 93 H 'q a«i H 13 ; 93 G ib ; 

93 K/4 and K 7). 

From Wan Pong at an elevation of 3,300 feet and 69 miles from 
Taunggyi the road traverses sheet 93 H/13 in an easterly direction 

The limestone plateau Teng 

SotweeM Win fV»g ««S at about 3,200 feet above the sea. With the 
the Mara Teng. exception of a slight ascent and descent across 

a dry valley at mile 74-6, the whole of this length is a bare open 
plateau country which recalls the rolling downs of the country 
around Thamakan. To the north up the valley of the Nam Teng 
this expanse of plateau uairows but towards the south it broadens 
out and is studded witii dozens of small bink-lioles, while its mono- 
tony is broken by fantastic limestone liillocks which rise like steep 
isliinds above tlie surrounding country and form peaks such as Loi 
Tang 3,854, Loi Hpwe 3,672 end Loi Ti-ek 4,018 feet. To the 
south it narrows again to form a long plain, the central portion of 
the small State of Mbngait. 

On the right bank of the Nam Teng and between the Inspectkm 
Bungalow and the suspension bridge by which the river is crossed 

Upper Plateau Lime- exposures of brecciated Plateau 

steaca mn the kfl hauk Liinestoae are frequent but on the opposite 
of the Mara Teug. bank beyond the bridge are earthy limestones 

acid calcareous shales which are not unlike the purer varieties of 
the Permo-Garboniferous portions of the group. 

After a short ascent from the Nam Teng valley, the road turns 
to the north-east and crosses the valleys of several small tributaries 
of the main stream. The country here is more broken and more 
thickly wooded ; rock exposures are infrequent but such as are 
visiiake haloug to the lower division ai the Plateau Limestona. 
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At mile 87-7, however, a change takes place both in the geology 
and topography, for the limestones are unconformably overlaid 
hereabouts by red sandstones and associated 
A Red Bed series rocks akin to the Namyau beds of the Northern 
Umestones!** States and like them probably of Jurassic age. 

Well banded red sandstones were found 
dipping to the north-east at 26°-30° at mile 90-2 and although 
later exposures are few and far between and consist mainly of 
weathered red and purple shales, seen particularly about miles 94-6 
and 96-4 to 96-5, similar rocks doubtless persist for the greater 
part of this distance, though it is possible the limestone floor is 
not far away in places. 

The Red Beds, here as elsewhere, give rise to an intricate net- 
work of small steep-sided valleys and ridges, covered with thick 
forest through which the road twists and zigzags its way from one 
small stream bed to the next. 

The next Plateau Limestone exposures, however, typical of the 
breociated group, occur at mile 97-7. The road, in the meantime 
The Plateau Lime- turned more to the east and left sheet 

ftonea appear again and 93 H/13 near Haining, 94*4 miles from 

continue to Htaimong. Taunggyi, elevation 3,000 feet, and after tra- 
versing the extreme south-eastern corner of 93 G/16, for a distance 
of about three miles, enters sheet 93 K/4 in its south-western corner 
and traverses it to the neighbourhood of Kyusawk, mile 118-3, 
elevation 3,100 feet ; here the direction changes more to the N. N. E. 
as far as Hsaimong in sheet 93 K/7, 129*6 miles from Taunggyi 
and 2,060 feet above the sea. Throughout the whole of this dis- 
tance the Plateau Limestone (lower division) continues. Near Hai- 
ning and forming a dominant feature of the landscape north of the 
road for many miles is the independent limestone ridge which cul- 
minates in Loi Pangtan, 4,131 feet. Parts of it consist of precipitous 
limestone crags, on which large trees struggle for a roothold, fOTming 
a curious contrast to other and adjoining areas which have smooth 
rounded slopes and support nothing but a scanty growth of grass. 
The valley of the Nam Mawng, a southerly flowing tributary of the 
Nam Teng is crossed near Wanhpwi, whence the road follows the 
ill-defined valley of the Nam Na-hka, a tributary of the Nam Mawng. 
To the north and the south this is bounded by limestone ridges but 
where the valley ends in the ndlghbourhood of Eyosawk and the 
slow descent to Hsaimong starts^ the drainage is quite indefinite 
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owing to the numerous tiinlc-holes and valleys of enclosed drainage 
which exist in great numbers on slightly higher ground joining the 
two slopes mentioned above. Beyond Kyiisawk, however, the drain- 
age is definitely into the Hwe Leng, a short north-easterly tributary 
of the Nam Pang. Hsaimong lies in the Mong Nawng State while 
the remainder of the road after the Nam Teng crossing is mainly 
in Lai Hka. 

With the exception of poor exposures of sandy sediments in 

road cuttings near mile 118-5, which do not appear to belong to 
Sand gedlments of Plateau Limestone, a differentiation which 

flight extent andean- i® further emphasised by a thick growth of 

^ south about 

mile 118, the few rocks visible in the whole 
of this traverse were brecciated limestones. 

They form barren waterless country, generally clad in sparse 
jungle and thick grass, opening out occasionally into park-like 
. stretches dotted with larger trees. Rarely, a 
stone topography. little dry cultivation of a iaung-ya variety 

is practised but the only permanently tended 

ground is to be found near the perennial streams and of these there 
are but few. 


HSAIMONG TO KUNHINQ (sheet 93 K 7) 

Hsaimong, 129*6 miles from Taunggyi, lies near the head of 
the narrow valley of the Hwe Leng at an elevation of 2,060 feet 

A steep descent down 

the Hwe Leng to the ly in a north-easterly direction to the Nam 
Nam Ping. Pang and the road for the greater part of the 

way, is carved out of the steep hillside bordering it on the east. 
At Wan Lai-kam (136*6 miles) it leaves the Hwe Leng. Oossing 
the latter it sweeps round to the south-east and east reaching the 
right bank of the Nam Pfing at Kunhing 143*6 milw, elevation 1,615 
feet. 

Abundant exposures of brecciated Plateau Limestone occur about 
Hsaimong and indeed form the steep slopes which here hem the 
„ , ^ valley in. The last exposures occur at mile 

Limeitone at Hsaimong. 130-2, where a soft broken variety is quarried 
on a small scale by the Public Works Depart- 
ment for road surfacing, and at 130-3, where a harder kind was 
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seen. This too is lined and seamed in all directions with calcified 
brecciation-cracks. 

Following a short stretch with no exposures, rotten brown shales 
crop out between miles 130-6 and 130-7 and at the latter point give 
, , . . place to better outcrops of yellowish-brown, 

between the Plateau very argillaceous shales from which a few spec- 
Llmettone and Red imens of minute phyllopods, which Dr. Cowper 
Eeed believes belong to the genus Estheria, 
were collected. At mile 131-1 thin layers of sandy shales of yellow 
and brown colours alternate with more argillaceous bands, the 
whole exposure being bent into a monoclinal fold. About 131-3 
there is an interruption caused by a recently formed travertine 
bank. 


Throughout the greater part of mile 131, the road crosses a 
steep hillside made up of these rocks but here weathered down into 
clay and covered with grasses, ferns and small 
e » a y sequence. moisture-seeking plants. The whole of this 
ravine-like valley is filled by thick forest and tangled undergrowth, 
forming an impressive contrast with the grassy plateau above and 
behind. 


Poor exposures of rather thicker, more sandy and redder shales 
occur at 131-6, the prevailing dip being down stream. These are 
followed by harder, indurated, pale olive-green shales, breaking along 
black-stained fracture planes. Harder, black, fissile shales are also 
found here. 


At mile 132 similar rocks split readily into large slabs showing 
small pieces of fragmentary fossil leaves and bits of broken woody 
fibre. Included with them are soft, brown, well laminated, sandy 
shales and shaly sandstones which dip E. S. E. 

Mile 132-1 shows more dark grey shales with fragmentary plant 
remains while mile 132-2 displays a band of limestone conglomerate 
6ccurreace of band, containing smaU, weU-rounded sandstone peb- 
of lltnesfone conglom. bles, passing into a tough, impure limestone 
and foUowed by the usual alternations of shales. 
Another identical conglomerate band then follows, succeeded in its 
turn by hard, dark shales at mile 132-3. 

Brown shales continue roimd a big curve in the road past miles 
132-4 and 132-6 but are generally concealed under vegetable growth 
which becomes thicker as lower elevations are reached. 
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Between miles 132-6 and 132-7 there is an important change, 

the shales predominant up to this point giving place to the over- 

, , . . lying limestones. These are massive light grey 

Limestones overlie the i j ^ i x i i ? 

ghtles. rocks with bands of a somewhat darker colour. 

Structures resembling calcareous algae occur in 
them and specimens were taken for further study. The limestones 
prevail to a covered bridge at the foot of a steep descent, the only 
other rocks visible being a few exposures of sandy shales half a 
furlong before the bridge is reached. The stream-bed is full of 
flattened pebbles of dark indurated sandy shales and sandstones 
evidently the more resistant varieties of the rocks described above. 

Similar limestones are found at miles 134-1 and 134 where they 
are of a uniform composition and pale greyish-white colour. After 
an interval come bleached shales and purple and ' pepper-and-salt ’ 
sandstones, all very weathered, cleaved and broken. The dip is 
here to the south-west at 35° but the observation is uncertain. 

At mile 135-7 there are bands of coarse conglomerate contain- 
ing rounded pebbles of limestone and of red and olive shales. The 
A coarse basal con- conglomerates are very silicified, the thin silica 
glomerate Is followed by veinlets cutting matrix and enclosed pebbles 
a Red Bed formation. alike. The bands outcrop above the road and 
form an independent hillock. They are compressed enough to have 
developed a pseudo -stratification and continue to mile 135-6. 

The strata above the conglomerates as far as Kunhing, wherever 
exposures are seen, belong rather to the Kalaw Red Bed types 
Outcrops of the Red underlying brown, olive and car- 

Beds between Win Lai- bonaceous shales and they contain no calcar- 
kam and Kunhing. horizons. At mile 136-4 the small paddy 

plain of Wan Lai-kam occurs. Between miles 137 and 137-3, the 
soil belongs to sandy ‘ Red Bed ' type rather than to the terra rossa 
of the Plateau Limestone. Poor exposures of red sandy shales 
and olive sandy shales occur at mile 138-2, just over the watershed 
between the Nam-oi and Hwe Leng streams. Hereabouts the road 
is metalled with water-worn sandstone pebbles which originally came 
from the same beds. 

Between miles 141-1 and 141-2 the Nam Leng is crossed and the 
small narrow strath formed by the stream follows. It contains 
some travertine and a raised river terrace in which pebbles of the 
sandstones are common. Soft, bleached, purple sandstones and 
pale shales with a quartz vein, two feet across, are seen at mile 142. 

02 
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The last exposures are about half a mile from Kunhing (143-6 
miles, elevation 1,616 feet), and consist of very friable, intensely 
twisted, bleached and blotched purple sandstones and sandy shales, 
the dip and strike of which are not determinable. 

These occurrences have been described in detail because they 
represent the first expanse of Mesozoic rocks of any considerable 
extent east of the Loi-an coalfield. Litho- 
Memofc rocks. logically the purple beds are identical with the 

Namyaus of the Northern States and it may 
be recalled that there they usually commence with a basal conglom- 
erate. In no locality in the Northern States, however, have beds 
been found in direct sequence between this basal conglomerate and 
the underlying Plateau Limestone floor. 

Whether the limestones and shales which underlie what is taken 
as the basal conglomerate in the present series of sections, represent 
the Napeng (Rhsetic rocks) of the Northern States or some inter- 
vening horizon in the Jurassic system lower than the Namyaus, 
which are identified with the Bathonian, or again, whether they 
represent some hitherto undiscovered Triassic subdivision, is un- 
known. It may be recalled that the Napeng beds occasionally 
contain limestone, but there is little in common between the thin- 
bedded argillaceous dark coloured limestones described from them 
and the massive beds of grey and white limestone described here. 

A specialist’s opinion on the few fossils which have been obtained 
is necessary before the question is settled and it is to be hoped that 
it will be obtained as soon as possible. 


KUNHING TO THE SALWEEN (sheets 93 K/7. K/ii ana K/ia). 

A rapid traverse was made by Sondhi from Kunhing (mile 
143-6, elevation 1,616 Let) on the Nam jang to Takaw (mile 172-6, 
elevation 800 feet) on the Salween to the east. 

A narrow strip of recent alluvium with travertine, with a max- 
imum width of three furlongs where the road crosses it, forms the 
eastern bank of the Nam [Ang, and the denuded remains of raised 
terraces forming a few low isolated hillocks, built of loose sandy 
mud with small water-worn pebbles, border the plain on the east. 
Beyond this the road follows a torrential stream for some distance 
where nothing but thick deposits of travertine is seen till the head 
pI tba valley is reached. Here, mile 146, mudstones and shale^ 
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of deep biscuit colour are present but decomposition has proceeded 
far enough to reduce the rock to small friable bits to a depth of 
over 16 feet, so that no evidence of structure and bedding is pre- 
served. No fossils could be expected from such material but a 
lithological resemblance to the lower Mesozoic rocks occurring west 
of the Nam pang is strong. It thus appears that the Nam pang 
has carved its valley through a Mesozoic basin of deposition here. 

These rocks continue to mile 146, where breccia ted Plateau 
Limestone is exposed for the next four and a half miles with the 
usual accompaniments of scenery and topography peculiar to this 
formation. 


Between miles 160-6 and 161-7 the road lies on a bright, brick- 
red; sandy soil. Although there is only one small exposure of red 
Red Bed sandetone s^^dstone and only a few blocks of the rock 
between at ISO-6 and scattered along this section of the road, yet 
from the character of the soil consisting mainly 
of bright red sand, and from the marked change in the general 
contours of the country and the type of vegetation, it is not diffi- 
cult to conclude that this length of the road is laid on the Red Beds. 
This comparatively small outcrop of the higher Mesozoics is yet 
another instance of how, in Mesozoic times, deposition was con- 
fined to isolated Valleys and basins in the Plateau Limestone. 

The low^er dolomitised division of the Plateau Limestone is again 
exposed at mile 151-7 and continues practically to mile 165-7 
with the exception of a small stretch between 157-5 and the village 
of Nammawngun, whore shale and mudstones of doubtful age occur 
in a few isolated sections. From 151-7 to 157-6 the road passes 
over a very rugged and dissected country ; nothing but precipitous, 
serrated hill-ranges and enormous sharp chimneys meets the eye 
in either direction. East of Nammawngun the same limestone 
builds the great, well developed range from whose crest a similar 
parallel range is seen about a mile and a half to the east, with a 
deep yawning valley between, the valley of the Salween. 

From the crest the road winds its way down the gJuiL to the 
Salween with a drop in altitude of almost 3,000 feet. Plateau Lime- 


Chauiig-Magyl leries 
forint the western bank 
of the Salween. 


stone is exposed foi about half-way down 
the slope, to near mile 165-7, where it is seen 
for tlie last time. Thence onwg^rda pale, 


bleached, sandy shales and hard arenaceous mudstones are exposed 


in several good aeotions. The rooks appear quite suitable for 
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preservation of organic remains but no trace could be found in the 
limited time available. Lithologically the light shales resembh'. 
some of the Older Paleoozoic shales but in view of the entire absence 
of limestone bands so characteristic of the Older Paleeozoics and 
the phyllitic nature of the shale, it appears very probable that this 
deposit may be a representative of the Chaung-Magyi series in which 
types of a similar description are known to occur. Moreover, un- 
doubted types of tlu Chaung-Magyi series are seen further down, along 
the bank of the river, where they comprise highly crushed, splintery, 
black shale with a large amount of vein quartz. The occurrence 
of Chaung-Magyis here is of particular interest as it is the first out- 
crop of these rocks ever met in the cross traverse from Thazi to 
Takaw, a distance of about 280 miles, with the possible exception 
of a doubtful occurrence in the foot-hills bordering the Irrawaddy 
plain of the west, and for that matter it is the first occurrence re- 
ported from the Southern Shan States, although small bits of black 
shale probably belonging to this series, were found during the Mbng- 
Nai-Melun traverse, described later on. 

At the point where the road meets the ferry, a small patch of 
ohve-green shales, dipping strongly to the north 
Into* he*Ch?SMaS contaimng a. Naungkangyi fauna, is found 

faulted into the Chaung-Magyi slates exposed 

just to the north. 

Across the river the road was followed for a few miles where 
only the different membcis of the Chaung-Magyis were met. Huge 
boulders of granite are commonly seen in the stream beds and on 
the hill slopes and they do not appear to have travelled far, but 
no actual exposure of the rock was met. 

WAN PONG TO MONGNAI (sheets 03 H 13 and H/ 14 ). 

Mong Nai, the capital of the State of the same name — the largest 
an4 most important of the group of States in the south-eastern 
division- , lies on one-inch sheet 93 H/14, 47 miles to the south- 
east of Loilem with wliich it is connected by a good motor road. 
This leaves the main Taunggyi-Kengtung road at mile 71-6, 
miles to the east of Wan Pong. From this point it trends to the 
south-east as far as Hai-pak (mile 87-3), across part of sheets 93 
H/9 and 13 of the one-inch survey. 

Throughout the whole of this distance the country traversed 
forms part of the same limestone plateau already described as 
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existing further north between Wan Pong and Hsaimong, on the 
main easterly route. Its characters to the 

the PUtctu Umcston^ identical; it is an undulating grassy 

plateau, waterless except for two larger streams 
and an occasional spring, its monotony broken by a few stretches 
of open savannah in which bracken flourishes beneath the trees 
or by bamboo groves and great banyan trees denoting the sites 
of scattered villages or, again, in tliis particular region, by islands 
of rocky limestone peaks which rise abruptly from the surrounding 
country and add a pleasing diversity to the landscape. Across 
this country the road gently rises and falls crossing from one dry 
valley to another until at 82-3 it reaches the head of the Nam Tawng 
valley which later flows to the south through the Mong Pawn plain 
(sheet 93 H/14). 

Rock exposures are as a rule exceedingly scarce but the all- 
pervading bright red soil — the typical /(vra ros.^a of the Northern 
States indicates, if the character of the country 

bre«UM*lIme?<one.“'‘ sufficiently weU, the pre- 

sence of the Plateau Limestone underneath. 


The first exposures of the brecciated limestone of the Plateau 
group beyond Wan Pong occur at mile G9-7 and again at 70-2. A 
spring at 72-3 and a goodly stream at mile 74, are rare enough occurr- 
ences to demand special mention. This stream, formed from many 
smaller ones draining the hilly Silurian country to the west and 
south of Wan Pong, disappears into the ground within two miles 
of the main river of the region —the Nam Tcuig. Isolated exposures 
of grey brecciated Plateau Limestone cro]) out beyond it between 
miles 74-3 and 74-4. Between miles 75 and 7G the limestone hill 
of Loi Tang (3,854) forms a prominent land mark on the east, while 
to the south is a group of several more wljicli attain lieights of over 
4,000 feet above sea level. 

At mile 77-7 the road passes close to the crags of an outlying 
member of this group and there arc abundant outcrops of a dark, 
greyish blue, unbrccciatcd limestone wliich is 
o»» erous limettone. fossiliferous and bears brachiopods, corals and 

foraminifera. A single specimen of a small elongated gastropod 
Was obtained. These roc^ belong to the Permo-Carboniferous sec- 
tion of the Plateau group but the old brecciated floor on which 
they rest protrudes through the surface in the vicinity. The soil 
too hereabouts loses its distinctive red tint. 
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At mile 78-4 there are abundant e 2 q)osures of breociated lime* 
stone again but at mile 80, a hillock rising to 3,786 on the south- 
east may belong to the younger portion ol 

vaiieSw o^^^IImestone^ group. At mile 81 limestone hills rise on 

both sides of the road but the older rocks 

are exposed again and again at 81-4. Descending from mile 82-3, 
there are poor examples at 84-3, while from 85-6 (beyond Mai-niu 
village) to 85-7, the exposures of the brocciated variety are good. 
A small limestone island lies to the east at mile 87, before reaching 
Hai-pak at mile 87-3. 

To the south of Hai-pak the road skirts the foot of a hill range 
to the west and the plateau-like type of country gives place to 
steeper slopes clothed in thick forest. At mile 
sotulfof^Hall-pak.^^ there is a small isolated limestone hill 

to the east. About this point the descent to 
the Nam Tawng commences and there are no exposures, though 
the rod clayey soil continues to mile 90-6. Here pale brown mud- 
stones similar to those foimd near Hsaimong and presumably older 
than the Mesozoic Red Beds occur, but they are of small extent 
and may represent merely a small patch of these beds lying on the 
surface of the Plateau Limestone. 

The Nam Tawng, here flowing north and south, is crossed at 
mile 90-7, but the only exposures in its bed are of soft recently 
A limestone ridge travertine. Sandstone pebbles are, how- 

borders the Nam Tawng ever, common in the stream. Continuing close 
valley on the east. stream and above it on its eastern 

bank, for the next two miles, a stretch of thickly wooded coiuitry 
is traversed closely overshadowed on the east by a well developed 
limestone ridge, rising to 3,730 feet and separated from Loi Hkang 
(4,096 f^.et) further east by two dry valleys of enclosed di^ainage. 
Near mile 92, off-shoots from the craggy ridge reach the road and 
consist of grey brecciated limestone of the Plateau type. 

Further south still low spurs from these eastern hills, containing 
no surface rocks, are followed, while to the west the Nam Tawng 
flows in a narrow paddy plain at the foot of the steep range which 
borders it on this side, and rises steeply to 5,184 feet in Loi Sang, 
to 4,150 feet in Loi Patwo, and to heights of over 5,000 feet, culmin- 
ating in Loi Lorn, 5,939 feet, a short distance further south. 

The actual plain is not reached till mile 95 and at mile 98-1, 
where the Nam Tawng is re-crossed, it is left for the end of a spur 
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from the west which separates the parent Nam Tawng from its 
easterly flowing tributary the Nam Sa-lai, both perennial and fair- 
sized rivers for this part of the world. 

It is necessary here to invite attention to the differences between 
the eastern and western ranges which form the boundary walls 

^ „ .of the Mong Nai plain. That on the east ap- 

Dlfferences of the . ' t x 

cAstern and western pears to be limestone as tar as trie eye can 

walls of the Nam Tawng reach. Irregular jagged crests, steep and in 
Vttllcy In N®l# i i i* • 

some places precipitous slopes, disappearing 

streams and cauldron valleys stamp the former with their own un- 
mistakable character. The other, from the first crossing of the 
river at mile 90-7, to where it is broken by the Nam Sa-lai, is more 
regular, with its stream valleys flowing straight down to the east 
without a break. It is moulded into generous smoothy-rounded 
outlines and is thickly forest-clad from base to crest. These topo- 
graphical peculiarities bespeak a change of lithology and of geo- 
logical formation. Time did not permit a proper examination but 
a clue to the problem lies in the rocks found in the bottom of the 
Nam Tawng at the second crossing (mile 98), where there are good 
exposures of massive light grey shales with rare fragments of broken 
vegetable remains. These may belong to one of the Mesozoic groups 
and perhaps underlie the mile of higher ground across the spur 
before the plain of the Nam Sa-lai is reached. The debris in the 
latter river consists almost entirely of hard sandstones of many 
varieties, most of which can be matched petrologically with known 
specimens of Jurassic age. 


The hills on the south of the Nam Sa-lai bordering the plain 
between it and Mong Nai are formed of Plateau Limestone and it 
would appear as though here the limestones of the eastern wall 
had crossed to form the western, replacing the other rocks, what- 
ever they may be, which occur to the north of the Nam Sa-lai valley. 

The Mong Nai plain, which is about 16 miles long, attains its 
greatest width of four miles about the latitude of the capital. Although 

N I I I northern end, the streams possess mod- 

Mong Nai plain. gradients and fairly rapid flow, towards 

the centre and south these fall away and there is some stagnant 
water and marshy ground. The plain has the appearance of an 
old lake-bed but no trace of terraces was discovered. Near mile 
98-1, however, there is a great development of tufa, one band being 
12 to 15 feet thick with the base not exposed. Leaves of recent 
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species of trecB are common in tiiis in an almost perfectly preserved 
oonditiom 

MONQ NAl TO MELUN (sheets 93H/14 and H/15). 

Many of the picturesque pagodas in Mong Nai itself and on the 
hills to the south-west of the town are perched on pinnacles of older 
Plateau Limestone and a short traverse by 
sto^around Mdn* fJal.’ Sondhi to the west of the capital revealed 
nothing but the same rock in that direction. 

On the main road to Mawkmai, however, the capital of the State 
of the same name adjoining Mong Nai on the south, on which Melnn 

ThlnremnanUofRed Mong Nai (mile 104) and 

Bedf overlie It to the in the valley of a small tributary of the Nam 
•®®^*** Tawng, rising to the south-west, outcrops of 

rotten red sandstones and shales are found which persist to between 
mile 106-6 and 106-6. These undoubtedly overlie the limestones 
which on the north of the road are exposed in small cliffs and rocky 
masses. The red rocks resemble in every respect typical varieties 
of the Bed Beds of Kalaw. 

As the road ascends they are soon replaced by brecciated Plateau 
Limestone of a normal type. Between miles 107-7 and 108, how- 

L wcr Jurassic ? re brown shales, sandy shales, fine-grained 

serv^Vy subSiencer*' felspathic sandstones and fine grits, full of 
rounded grains of stained quartz, are found. 
These beds, which recall the Lower Jurassic of other places, are ex- 
ceedingly crumpled and broken. It is believed that they fill a hollow 
in the limestone floor and that their twisted condition is largely 
a result of subsidence through solution of the underlying strata. 

More limestone follows, appearing in the road sections as rounded 
pinnacles buried under the universal red clay. Between mile 108-3 
and 108-4 there lies a patch of light coloured shales so traversed 
in every possible direction by cracks that they fall into fragments 
from a light blow. Associated with them are more brown sand- 
stones and a band of excessively crushed olive shale. 

From this point to Melun no more Mesozoic rocks occur and 
every outcrop seen belongs to the lower division of the Plateau 

The oWcr Plateau Always brecciated, generally grey 

LtaneitMie recurt. ^ l^t greyish blue in colour, some of the 

local varieties are as white as chalk and in 
tkese the rode is at times so shattered that t^e road side cuttings 
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literally fall to powder on exposure and slip on the highway in shoots 
of calcareous * sand As a contrast, great clifis can be seen on 
practically every hillside around, rising in places vertically for 
hundreds of feet, yet composed of another variety of the same 
rock. 

Tlie road keeps to its general south-easterly direction and at 
mile 113 or thereabouts crosses the watershed between the Nam 
Tawng and the Nam Nyim. About this point, too, lies the bound- 
ary between the States of Mong Nai and Mawkmai. High ridges 
attaining heights of 6,800 feet above sea-level close the view to 
the east ; to the west the country is more broken and the peaks 
there — ^probably all of Plateau Limestone — rarely reach heights of 
4,000 feet. 

.The limestone bands which build up the mass of Loi Tang close 
to the road at mile 113 are better developed than usual. About 
mile 114 local Tauv/jihva attempt the only cultivation seen along 
the road and it is of a temporary, ' dry ’ character. Near mile 
116 occur the first outcrops after a long stretch of deep, soil-covered 
savannah. A steep descent at 116-2 reveals further exposures of 
deeply brecciated, soft rock into which the roadway has been 
carved, while there are good examples of the finely powdered rock 
at mile 118. 

At mile 118-7 is a dry stream bed which is perhaps the most 

interesting feature of this section, for in its dry bed are pebbles 

, . and boulders of granite, pegmatite and greisen. 

Acidic igneous rocks r j i t ^ 5 ^ • j • i 

not in situ near Melun. of dark sihcined nne-grained igneous rocks, 

of slates, quartzites and fine-grained phyllites 
of the Chaung-Magyi series, and of vein quartz which appears to 
have been strongly mineralised and which in places still carries 
fragments of iron pyrites. 

A thick gravel deposit of more ancient date lies above the level 
of the present bed, but the only mineral obtained from it by pann- 
ing tests was magnetite in microscopic octahedra. 

Looking to the east up the valley of this stream it appears to 
issue from a limestone canyon one or two miles away. Its water- 
shed however, lies on the high north-aiid-south running ridge al- 
ready mentioned as rising to altitudes of over 6,800 feet, and it is 
probably freun this that the granites, etc., and the older rocks are 
derived. Two varieties of granite are present, one a medium 
grained muscovite-bearing species and the other a somewhat coarser 
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kind with biotite and large phenocrysts of orthoclase felspar. In 
addition to these there are various dark-coloured rocks which may 
be fidlioified rhyolites and rhyolite tuffs. The sedimentary rooks 
consist of hard, indurated, dark grey and light green slates for the 
most part. 


THE OLD SILVER MINES OF MAWKMAI (sheet 93 H/15). 

Mr. Sondhi made a traverse from Melun to the ‘ Old Silver 
Mines * marked on the one-inch map (sheet 93 H/16) about 

Upper Plateau Lime- miles S. S. W. of Mongnai as the crow 

itoncf between Melun flies. 

and the oM minee. Between Melun and the old mines the rooks 

consist of platy tabular limestones and interbedded shales, the 
former bearing remains of fossils and belonging to the upper divi- 
sion of the Plateau Limestone. The shales seem to occur entirely 
to the south-west of Sai-hok for beyond this village no exposures 
of them were seen in the limestones. The strike is north and south 
with high dips. To the east of the deserted mines there is a well- 
marked north and south ridge containing peaks of over 6,800 feet 
and this appears to be made of the older rocks of the Chaung-Magjd 
series into which the granites may be intrusive. 

The old lead pits are in the younger limestone. The excav- 
ations are not extensive and appear to be confined to loose material 
in fissures along the strike. These are full of 
**** ^ which small nodules of galena 

occur. On their sides, however, recrystallised 
limestone splashed with flecks of galena, altering externally to 
cerussite, are found. No quartz was seen in the places examined. 
Copper staining is occasionally present and the recrystallised lime- 
stone is converted in patches into a greenish calcite. This rock 
also contains a little pyrite. Small masses of limonitic gossan exist 
in the fissures in addition. 

The limestones continue at least half a mile to the east, as the 
crow' flies, before they aie replaced by the older rocks. 

On the high ridge across the valley to the north and along tiie 
same strike, similar excavations together with a shaft 16 feet wide 
and 30 feet deep, are reported to occur. According to local tradi- 
tion the pits were opened 60 or 70 years ago by Shans and Chinese 
but there are no records of any local metaiiurgioal operations and 
no ilAgH have been found. 
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A Taungthu iBhabitant of Melun produced for our inspection 
a small button of hard, rough cast lead and the suspicion is perhaps 
pardonable that until recent times at any rate, local shika/ies may 
have been accustomed to extract a little galena and make the lead 
bullets which are still the local ammunition. 

It was impossible to come to any decision as to the potential 
value of the ‘ mines ’ in the short time at our disposal, but the proved 
occurrence of galena and the interesting examples of igneous rocks 
from the vicinity, indicate that the whole neighbourhood is one 
which deserves methodical, large-scale mapping and careful pros- 
pecting. 


MELUN TO MAWKMAl (sheets 93 H/15, H/ii and H 12). 

Mr. Sondhi traversed the 12 miles which lie between Melun and 
Mawkmai further south. From the former place at 119 miles, the 
road gradually descends to mile 123 in a general south-south-easterly 
direction across brocciated Plateau Limestone the whole way. 

Following a significant change in the colour of the soil from 
the red teira rossa to a yellowish clayey material, shales are found 
, at 123-4. These are of an olive colour, shatt- 
Mcsoiolc rocks. ^red and powdery and probably belong to 

one of the Mesozoic groups. They continue to 
mile 126-7 in disconnected outcrops. At 124-6 and 124-7 they con- 
tain calcareous horizons. 

Disconnected remains of sub-recent terraces are found at intervals 
from mile 124-4 to 126-7. Here the Ho-pom paddy plain is en- 

TIm high level terraces countered, and the only rocks visible consist 
of the Ho-pom-Mawk- of travertine. About a mile south of Ho-pom, 
mal plain. there is a sudden drop of approximately 3(X) 

feet to the lower level plain of Ponglau-Mawknaai. The conclusion 
cannot be resisted that there is a resemblance betw’een these cond- 
itions and those obtaining in the case of the Yawnghwe plain which 
is itself overshadowed by a high, level flat of sub-recent origin, 
in other words, the physiographical changes which affected the Inle 
valley have also influenced the Mawkmai plain to much the same 
extent. Evidence is not wanting that these changes were wi(^e- 
B|)read over the whole of t^9 States, 
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MdNQ NAI-LANQHKO ROAD (fbeetf 93 H/uand H/ 15 ). 

This road was followed for 13 miles to the S. S. E. where 
it leaves one inch to one mile sheet 93 H/16. Looking in this 
direction from Mong Nai, the rugged limestone hills which close the 
valley in on the east and west give place to a much flatter 
topography, though on the far side of the Nam Teng valley, towards 
which the Nam Tawn (Nam Tawng) after flowing through the 
Mong Nai plain makes its way, there is a ridge which attains a consid- 
erable altitude above sea-level. 

Keeping to the higher ground at the western edge of the plain, 
no rock exposures are visible under the thick soil cap until the 3rd 
Older Plitean Lime- is passed when brecciated limestones 

stone to the south of of the Plateau group crop out. Exposures are 
MdnfNai. again completely concealed in the next mile. 

At To-nang, five miles, the Nam Tawn is crossed and just beyond 
it pieces of purple sandstone and brown mudstone oocur in the thick 

It to followed by an The road now continues wander- 

exienahre basin of Jms- ing steeply up and down through sparsely 
sic rocks. forest clad, deeply dissected country. Ascend- 

ing past Kyawktawng there are more brown shaley mudstones 
with lighter bands in places, the whole series being extremely broken. 
At 8*5 miles more smashed up sandy shales occur and beyond this 
point to 12 miles there follows an excellent sequence of Jurassic 
rocks. 

At 8*5 miles sandstones are replaced by finely laminated argill- 
aceous limestones, followed in their turn by shales and sandstones. 
Beyond Pangpau-long at mile 9'6, limestones are found overlain by 
light-coloured, speckled sandstones, dipping S. S. E. at 
with interbanded, bleached purple, sandy shales. Similar rocks 
continue through the 10th mile. In the llfii mile the limestones 
are more frequent. There are few exposures in the 12th mile owing 
to the flatter country and thicker soil, but following a steep rise 
there eomes a repetition of the impure limestones and sandy shales 
again. Just here thei^ is much local contortion and in places the 
shales are crumpled and phyllitic. The general dip is to the south- 
east at 20^. 

Some of the browner rooks seen in the early part of this traverse 
may be of Bhistic age but the great mass of the exposures probably 
bdong to the Namyaus. They weather into an unusually sterile, 
red» saxuly sc^ and under general subaerial denudation forni lo^ 
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but excessively sculptured country full of small steep ravines run- 
ning in all directions. 

The area occupied by them is practically uninhabited, the forest 
open and the trees, except along the dry water-coiirses, stunted. 


EXPLANATION OF PLATES. 

Plate 3, Ftg. 1. CIobc view showing the characteristic pattern of the phaeoidal 
limestones interbedded with mudstones at Loilem. 

Fig. 2. Panoramic view of the Silurian deposits at Loilem, with lime- 
stones full of sink-holes in the background. 

Plate 4. — Calcareous growths in the HtamsAng caves. 

Plate 6 .— Geological sketch map of the country traversed by the main road bet- 
ween Taimgg3d and the Salween river, Southern Shan States. 
Scale, 1 inch = 16 miles. 
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INTRODUCTION. 

The region described in this paper occupies an area of appro- 
ximately 1,370 square miles lying between latitudes 20® 30' 
and 21® 0' and longitudes 96® 27' 80' and 97® 12' 30*. It is com- 
prised within Survey of India, one-inch sheets Nos. 93 D/9-13, 

D/10-14 and 93 H/1. It includes very snoall portions of the Meik- 
tila and the Yamethin districts of Upper Burma, while the rest is 
occupied by numerous small Shan States, together comprising the 
Myelat, and parts of the large states of Yawnghwe and Lawksawk, 
which lie to the east and north of them respectively. The snudl 

Shan States comprise the whole or part of the following ; — Poila 

(Pwela),* Tatpot, Myinmu, Eyong, Hsamonghkam (Thamakan), and 
Mawnang (Bawnin), which are under the administrative charge of 
Foils, and Mawson (under the jurisdiction of Yawnghwe), and Pang- 
tara (Pindaya), Hopong and Pangmi. 

The area consists of an elevated tableland for the most part 
approximating 4,000 feet above the sea-level and lying beyond the 
outer hill-ranges which divide it from the plains of Upper Burma 
further west; but it is itself trav^sed by parallel north and south 
ridges rising to over 5,000 feet and by inter-mountain valleys which, 
in the case of Yawnghwe valley, descend to 2,900 feet above the 
level of the sea. 

Enjoying a comparatively cool olinmte, in it is situated the hill 
station of Ealaw, while at Taunggyi, 44 miles farther east, are 
the head-quarters of the Commissioner and the CounoU House of 
the Chiefs of the Federated Shan States. 

It is traversed by the Southern Shan States branch of the Burma 
Bsllways which terminates at Shwenyaung in the Yawnghwe jdain, 
dS miles from the junction with the main line at Tha^ and 404 
miles freon .Rai^oon ; and it is crossed by the great eastern road 


** Tbe Boismm bmum by vhioh tbe states are often known are given in taMhets. 
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which links Burma with the outlying trans-Salween state of Keng 
tung, and with tlie Chinese province of Ytiunan and the kingdom 
of Siam beyond. 

Within tills region rooks of Ordovician, Silurian, Devonian, 
Permo-Carboniferous, Jurassic, Cretaceous, and Plio-Fleistocene age 
occur ; it forms indeed a key area to the study of the geology of 
the whole of Southern Shan States, while its known mineral deposits 
include ores of copper, silver and gold, lead, tungsten and anti- 
mony, together with coal and lignite. 


F.Fcdden. 1864-45. 


PREVIOUS OBSERVERS. 

During the field season of 1864-66 F. Fedden of the Geological 

Survey of India travelled through the Shan States from south to 

north. Entering the hills near Yamethin, 

110 miles south of Mandalay, he crossed the 

Myelat on his way to Eehsi Mansam and the Salween ; but beyond 

his notes on lead smelting and silver cupellation, at that time in 

active progress there, little assistance is to be gained from his results, 

which merely record the rocks seen each day along the route with 

no attempt at their co-ordination.^ 

In 1887, E. J. Jones of the Geological Survey of India, visited 

various localities to investigate coal, hgnite and other mineral 

deposits. As the countiy was then only just 
E. J. Jooes, 1887. ^ j u ^ j 

recovering from wide-spread banditry and 

as the only map available was on the scale of 16 miles to 1 inch, 
Jones could make no attempt to survey geological boundaries and 
confined his attention strictly to the mineral occurrences.* 

The topographical survey of the sheets with which we are con- 
cerned was made during seasons 1893-94 and 1898-99, and in season 
1899-1900 C. S. Hiddlemiss made a geological 
reconnaissance in parts of the Southern Shan 
States and Karenni. This work is of fund- 
amental importance in Shan geology and we have therefore to devote 
some attention to it here. Middlemiss stated* that his notes do 
not pretend to be anything more than rough geological jottings. 


C. 8. MlddlfsiiiM, 
1899-196#. 


1 F. Fedden« * Journal of tlia Bahrom Snrreying Expedition*, Btl. Bee, Qovt. lnd„ 
XLIX, p. 80, (1866). 

*B. J. JottM, * Notes on Upper Burma*, Bee, OeoL Siirv. Ind,, EX, pp. 16I‘]94, 
(1887). 

**Beport on a Geological Beconnaie^^ecce in parts of the Bouthein Flan Slalrn 


and ICarenni*, Gen. Bep. Geo/. Bvrv, Jnd, for 189e>1800, pp. 128*163, (1960). 


n a 
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His objeot was to cover as much ground as possible in the available 
time and to ascertain the possibilities of the country, rather than 
to make even a sketch-survey. He split up the geological fabric 
of the hills into a number of zones of distinctive character as regards 
composition and stratigraphy, as follows^: — 

(1) Gneissic and metamorphio zone. 

(2) Great Limestone zone. 

(3) Purple Sandstone zone. 

(4) Sub-recent conglomerates, sands, and loams. 

The gneissic and metamorphic zone, the western edge of which 
rises steeply from the plains of Meiktila and Yamethin, is outside 

Read observations exposed in sections along 

between Thai! and the motor road from Thazi to Elalaw between 
*^***^’ Hlaingdet (mile 9) and Pyinyaung (mile 31). 

Middlemiss^s descriptions * of these important sections are given 
here for the sake of completeness, with our comments upon them 
in brackets following. The first rocks met with are well foliated 
micaceous and homblendic gneisses, intruded by veins of pink 
tyenite, white pegmatitic granite, and fine grey microgranite with 
biotite and muscovite. 

As the road begins to wind among the hills towards Yinmabin, 
sub-metamorphic quartzites and slates set in, splintered and split 
into platy layers. Near Yinmabin a fine-grained gneiss occurs, 
together with pale-coloured quartz-felsites or microgranites. East 
of Yinmabin the white quartzites and slaty rocks^are less meta- 
morphosed and plainly indicate their sedimentary origin. Inter- 
bedded with them are occasional very thin bands of dark blue- 
grey limestone a foot or two wide. All are very much smashed. 
Further north-east towards Pyinyaung greenish grey, dark quartz- 
ites and bl^k, slaty, sub-schistose rocks continue — all much fract- 
ured — ^and there are repetitions of all the rocks from Yinmabin 
over again. Near Yebokion there is a green and white mottled 
gneiss. 

We have given these details of the road section here because 
tihey are the only ones available, because they are published in a 
little known report which is now out of print, and because we are 
frequently requested by travellm for information about the rocks 
along the wdl-known road* 



t^ABT 2. ] CoooiN BboWn AND SoNDHi : £alaw and Taunggyi. 171 

A little to the east of PTinyaung the road enters the first of 
Middlemiss’s Qreat Limestone zones. Here, he wrote : — ^ 

* we find a set of towering orags forming a long ridge densely ooTered with forest 
and lifted high aboye the surrounding country. This band of limestone is isolated 
from other bands to the eastward by other rooks afterwards to be described 
(His * Purple Sandstone Zone ' which we now recognise as a great basin of younger 
Mesozoic rooks of Jurassic and Cretaceous age). * The band runs a perfectly 
straight course north and south. Through it in a narrow, gloomy defile dashes 
the Pyinyaung river by a cross rift, exposing the rock on both sides. The rock 
is dark and light blue-grey, massive, compact, and but slightly brecciated with 
reoementation by caloite veins. One can see no definite bedding in it and no regular 

variety in its composition. The ridge possesses very steep rugged 

slopes littered with titanic blocks, all emphasizing its very massive chaiacter. 

The gorge is about one mile long through the limestone 

The same band can be seen stretching away north and south for many miles.* (It 
is familiar to passengers by the hill railway between Lebyin and Sintaung). 

The Purple Sandstones zone is very well seen in excellent ex- 
posures along the main road between a point four miles east of 
Pyinyaung and Ealaw. Shortly after leaving the limestone gorge 
just mentioned * 

* and crossing a short thickness of slightly metamorphic pale greenish grey slates 
and white quartzites with vertical or very high dip ‘ (representatives of the Loi-an 
scries or Goal Measures of Jurassic age as we know them today) * the road turns 
south-south-east, and follows a long open valley in these purple rocks as far as 
Nampandet, and then ascends by zigzags to Wetpyu-ye (mile 63) and Kalaw 
through the same rocks. These purple rocks appear in the section in a sudden 
manner as if by faulting. 

They consist of a very characteristically coloured set of rather soft sandstones 
and shales, and hardened clays, with occasional conglomerates. Their general 
colour may best be described as a daiiL briok-red or chocolate-purple ; 

As compared with the P3rinyaung limestone and the associated metamorphic 
and highly fissile rocks, this purple sandstone group is but moderately disturbed, 
the dip throughout its oomplete lengHi being 30'^ and less, first in towards the 
metamorphics and then spreading out across the low valley, which, save for the 
forest is fairly open and shallow.* 

The purple rocks we now know to be of Cretaceous age, as 
suggested first for similar strata in the Northern Shan States by 
0. L. Qriesbach in 1901, and they lie at gentle angles of from 26® 
to 30® on the steeply upturned e^es of the Jurassic Coal Measures 
below them, in these particular exposures. 

^ Lot. p. 133. 

« 0. S. MiddlamiM, loc, eU., pp. 148, 144. 
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* The elopes facing west are often gentle dip slopes ; those facing east steeper 
scarps. In some places along this piece of road section, as near Nampandet and 
Kalaw, the interbedded conglomerates are of considerable coarsenesss and thick- 
ness, They are seen to be an angular or sub-angular conglomerate, the frag- 
ments being often very large and composed of harder bits of a similar purple sand- 
stone to those interstratified with them ; but a few smaller and more rounded 
pebbles are of grey limestone. Sometimes along this stretch of country the cutt- 
ings expose sandstone of brown-grey or pepper-and-salt colour ’ (more represent- 
atives of the Coal Measures). 

* The width of this zone here is about five miles. It has an obscure contact 
with the Thamakan limestone east of Kalaw.* 

The Thamakan limestone is the older brecciated dolomite of 
the Plateau Limestone group into which the Mesozoic rocks are 
faulted. 

Middlemiss’s last zone contains the Plio-Pleistocene to Recent 
deposits of the inter-mountain plains of Thamakan, Heho and 
Yawnghwe. 

* The rooks are sometimes coarse, loosely coherent conglomerates, or hardly solid- 
ified pebble beds, with a matrix of sand, the jKibblos l^eing very generally hard 
quartzite, but Hoin(‘timas limesb»ncs. Assooiatfcd with them aix*- light-coloured 
sands and pale l»luish grey clays aud loams, sometimes sjilashcd with red. In 

a few places a bed or beds of lignite are found. The whole is either 

quite horizontal or with only insignificant dijm of a few degrees. 'Phey spread out 
aud then fall away locally along the stretches of level plateau, so that it is ofUui 
quite arbitrary where their boundaries are placed.’^ 

On the map accompanying Middlemiss’s report, but not pub- 
lished with his paper, he distinguished between the ‘ Grey Lime- 
stone (Thamakan Limestone)* and the ‘ Limestones with obscure 
Fossils.* He also wrote as follows^ : — 

‘At one time during the progress of my work I had hoped to further divide 
the great limestone zone into sub-zones of separate geological age and of slighlly 

different composition. Further work lias, however, shown me that 

even if any differences might be made on paheontological or petrological grounds 
(as to which no positive evidence is yet forthcoming) the rocks could not certainly 
be traced north and south in recognizable bands in the same definite order that 
I consider necessary if they are to be judged of any value as structure zones that 
imply anything vital regarding the evolution of the mountain mass.* 

To-day we know that the limestones belong to the Ordovician, 
Silurian, Devonian, and Permo-Carboniferous systems, but it is 
only by laborious detailed work and the help of palesontological 
specialists in Europe, for most of the assemblages and many of 

1 Lqc. cit,p p. 14>7. 

* Loo, eii,, p. 180. 
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the fonns appear to be new to science, that we have arrived at our 
olaaflification. There is no wonder that Middlemiss, labouring under 
the difficulties of this country, hampered by obstacles of which daily 
rapid marching was not the least, should have missed the older 
Palfisozoic rocks, indeed, it is remarkable that in his ‘ rough geolo- 
gical jottings’, he left such an indispensable store of knowledge for 
workers like ourselves who have found it of the greatest assistance. 

At the time Middlemiss was working here, T. H. D. La Touche 
was commencing his investigations into Northern Shan geology 
which culminated in the publication of his 
memoir and maps^ of the greater portion of 
the Northern Shan States. This memoir and 
the series of great monographs by F. R. Cowper Reed, C. Diener, 
S. 8. Buckman and Miss M, Healey published in the Palaeontologia 
Indioa in which the fossils collected by La Touche and his co-workers 
are described, form the foundation of the systematic geology of 
the Shan States. 

Barly in 1922, G. de P. Cutter spent a month on the Loi-aa 
coalfield and produced a detailed report on that field and other 

associated coal occurrences, which unfor- 
U. de P. Cotter, 192Z. , , . • . . j 4 . i j 

tunately is treated as a confidential doc- 
ument, He proved that the Goal Measures contain a flora of Middle* 
Jmassic age and regarded the purple and red sandstones and con- 
glomerates of the Kalaw neighbourhood as Upper Jurassic or Cret- 
aceous. We have made liberal use of some of Dr. Cotter’s purely 
geological observations,* 

The late Captain F. W. Walker worked with Dr. Cotter and on 
the latter’s departure from the area, continued the systematic- 
survey of sheets 93 D/10 and 14, but was 
removed to Burma before completing these. 
We have utilised Walker’s boundaries (in places revised by Sondhi) 
of the Mesozoic rocks with the Plateau Limestone in the prepaiation 
of the map which accompanies this report. He, like other geol- 
ogists before and after his time, failed to realise that the rocks of 
the range separating the Heho and Yawnghwe valleys do not belong 
to the Plateau liimestones. 


F. W. Walker, 1922. 


‘ T. H. D. La Toaohe, ‘The Geology of the Northern Shan States Mem, Oeol. 
aurv. Ind., XKKIX, Pt. 2, (1913). 

•G. 4e P. Goiter, ‘ Report on the Coal-Field of Loi-an*, Govt, of Borma Press 
1922) (Confidential). 
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In June, 1926, E. L. G. Clegg paid a short visit to Mawson, 
described the area as consisting of rooks of 
’ the Plateau Ldmestone formation.^ 

C. S. Fox spent a few days at Kalaw in January, 1929, and was 
fortunate to discover ammonites in the Red Beds there which, 
C S Fox 1929 according to Dr. Cotter, are of Cretaceous age, 
’ * ’ ’ thus proving the opinions originally advanced 

by Griesbach and by Cotter himself. Dr. Fox has also tentatively 
suggested the (correlation of certain beds which occur near mile 38 
of the Thazi-Kalaw road with the Bunter division of the Trias, 
a suggestion with which we are unable to agree.^ 

In another publication Dr. Fox has advanced a theory regarding 
the Plio-Pleistocene deposits of the Shan States and their enclosed 
lignite deposits, which we regard as inadequately founded. It is 
referred to later under the section dealing with lake deposits. 

Our own work in this region commenced in field-season 1928-29, 
devoted at first to a study of the lead-ore deposits of Mawson. 
The senior author has continued his investigations as freedom from 
other duties permitted until the present time. In season 1930-31 
he was joined by V. P. Sondhi who is responsible for the whole of 
sheet 93 H/1 and has completed parts of sheets 93 D/9, D/10, 
D/13 and D/14, including the difficult terrain west of the longitude 
of Elalaw. 

On the map accompanying this report, only a broad general 
classification of the larger rock groups has been given. More 

detailed subdivision is at present likely to 
woffthfshM stated impossible owing to the natural obs- 

tacles, which everywhere confront the geol- 
ogical surveyor in the Shan States. In this connection we invite 
attention to the remarks of three distinguished geologists who all 
possessed considerable experience of this field. 

C. L. Griesbach, Director of the Geological Survey of India, 
wrote as follows : — 

* In a opuntry such as the northern Shan hills, whioh is not only covered with 
extensive forests and dense under-growth, but the surface of the rocks of whioh 
is so greatly disintegrated that frequently the actual rock is covered by a soil-cap 
ot some fifty feet in thickness and more, it is extremely difficult to arrive at any- 
thing but a mere outline of the geological structure of the area beneath the soil. 

^ General Rep^ for 1925, Rec. Oeol, 8urv. Ind,, LIX, p. 46, (1026). 

* C. 8. Fox, * The Ooonrrenoe of Cretaceous Cepalopods in the Red Beds of Kalaw 
op. ett., LXm, pp. 182.187, (1930). 
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cap, and therefore the details of the geological sections can never be more than 
mere guesses, but fortunately most of the beds contain fossils and therefore their 
ogee may be ascertained approximately. 

It is not possible to do more than establish a number of series of beds, which 
so far have eluded close comparisons, owing to the fact that they mostly occur in 
localities sepaj'ated from each other by tracts within which none or only very bad 
exposures have been observed.’^ 

T. H. D. La Touche, after .se\ en years field-work, stated that, except 
in the beds of the streams, and along the cuttings of the new roads, 
outcrops of the rocks are not often met with, owing to the thick- 
ness of the cover of clay and soil in which the hill-slopes are buried. 
For this reason anything like a continuous section is not to be seen, 
so that it has been found impossible to trace the different varieties 
of rocks from one locality to another.* In this particular case 
La Touche was referring to the Pre-Cambrian Chaung-Magyi rocks. 
Regarding the Lower Naungkangyi stage (Ordovician) he wrote : — 

‘ The great variation in the lithological chcuracter of the rocks at the different 
localities from which fossils have been collected, and the fact that in many cases 
j)articular forms have only been found in one locality, renders it extremely difficult 

to trace any connection between the occurrences at one place or another 

It will be necessary therefore to describe each outcrop where collections of fossils 
have been made, separately, and only to attempt to correlate them with each 
other when such a course seems to be justihed by a similarity in the fauna.’^ 

In another place La Touche was compelled to emphasise again 
these difficulties, adding, 

‘ Even where a rich fauna occurs it is often impossible to be quite sure to what 
horizon it belongs, owing to the extraordinarily isolated and unique character of 
the exposures.’* 

Dr. Cowper Reed refers to the subject as follows : — 

* Apart from the Sedaw beds, the Lower Naungkangyi division has rather a poor 
fauna ; and in the present state of our knowledge it seems of little use to attempt 
to recognise smaller sub-divisions in the series, for the occurrenoe of fossils at 
isolated points and the local differences in the organic assemblages, though the rocks 
may be lithologically similar, render the recognition or tracing of the same horizon 
a matter of the utmost difficulty or of pure speculation. 

It is true that in our area, the only densely forested tract lies 
in the west, over the edge of the plateau proper, but in addition 


lU. L. Griesbaoh, Gtn. Eept, OeoL Surv, Ind., 1900-01, p. 17. 

* T. H. D. La Touche, loc. cit., p. 48. 

» Ibid., p. 60. * 

* Ibid., p. 112. 

* F. R, 0owT>er Reed, ‘ New Ordovician and Silurian Fossils from the Northern 
Shan States’, P<2. Ind., N. 8., Vol. VI. Mem. No, 1. p. 06. (1016). 
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to tiie universal soil and olay cap we have had to contend with added 
hindrances in the lithological similarity of the various divisions 
of the Lower Pateozoio limestones, with the absence of easily 
identifiable groups like the N^mhsim sandstones of the Northern 
States and in the occurrence of new horizons with undesoribed 
faunas, previously unrecognised elsewhere in these regions. 

It is hoped that this explanation will to some extent account 
for the diagrammatic character of our map, justify the unusual 
and somewhat disconnected method of description adopted in this 
report and will be taken into consideration should later work entail 
the modification of any of our conclusions. 


PHYSICAL QEOLOQY. 

When the traveller to Kalaw by the road reaches the crest of 
the final ascent just outside the town, he crosses the watershed of 
two great river systems, the Irrawaddy and the Salween. By 
the railway route it is traversed, together with the boundary liiu^ 
between Burma and the Shan States, at Myindaik, the first railway 
station below Kalaw As though to mark this important features 
the semi-tropical vegetation of the lower regions at once gives place 
to open pine forest, characteristic of and entirely limited to the 
Mesozoic rocks of these higher elevations. 

Kalaw itself lies in one of the narrow north and south trending 
valleys in the Mesozoic rocks which the main lines of drainage 
form in the western part of the sheets under 
The western mountain description, and the high limestone ridge of 

Sintaung (6,022 feet) which Grosses the south- 
western corner of sheet 93 D/10, is not visible from the town. 
Due north of Kalaw lies a ridge containing peaks 5,632 and 5,090, 
the continuation of the watershed already mentioned, and the separat- 
Jng line between the elevated uplands of the Shan tableland on the 
east and the rugged, deeply sculptured ranges which lie between it 
and the plains of Upper Burma on the west. This ridge develops 
a stronger individuality in the next sheet further north and has an 
average elevation of 4,600 feet where it marks the eastern limit of 
drainage of the Psnlaung river and its tributary the Toklet akaufiy, 
and where steep descents in their deep, yawning valleys <rf 2,000 
and 3,000 feet axe common in two or three miles. 
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Leaving the ridges of Elalaw and Loi-an and proceeding east, 
the Shan tableland is encountered. It is not, as its name might 

The Shan tableland. ^ indicate, a level plain, foi it has 

Its ridfes and old lake been compressed by stresses acting from 
valleys. several folded and parallel north- 

and south trending ranges separated by eroded longitudinal valleys 
at various elevations between them. The tableland, or the Shan 
plateau, as it is usually called, differs from a normal tableland in 
that it possesses some of the features that are usually found in 
mountainous areas. 

The dominating features of the country between Kalaw and 
Taunggyi — a distance of 44 miles — are the three plains of Thama- 
kan, Heho and Yawnghwe, the hilly ranges which separate them, 
and the great platformed ridge of Taunggyi itself dominating the 
Yawnghwe plain and overshadowing the Inle Lake on the east. 

Beyond the Mesozoic ridges of the Kalaw neighbourhood lie 
the downs of Ihe Vale of Thamakan — an old dried lake-bed of Plio- 
Pleistocene age now undergoing active degradation. Its general 
elevation is about 4,100 feet and it extends from a few miles nortli 
of Legya (20 :vy ; 96' 41') in the south to Jiear Poila in the north 
(20^ 51' ; 96' 11' ^O"). 

It is separated from the Heho plain, another site of a lake which 
disappeared in more recent times, by the gently westerly dipping 
limestone escarpment of the Thamakan range. In size Lake Heho 
must have at one period approximated Lake Thamakan. 

Another limestone ridge of a more complicated character and 
greater age separates the Heho plain from the Yawnghwe plain 
with its Inle Lake. 

The Thamakan and Heho ranges coalesce north of Lake Heho, 
the Plateau Limestone of the former continuing to the west 
of north through Pangtara (20'' 57' : 96° 40'), where it loses 
elevation and fades out north of Kyauk-su (20° 58': 96° 41' 30^) 
after forming the peak Nangontaung (4,881 feet) and the heights 
around Poila. The Heho ridge goes on directly north past Kyawktap 
(20° 6 ' : 96° 46') and then broadens out to build the highlands 
of MawBon, attaining a maximum height of 5,473 feet as it crosses 
into Lawksawk State. 

Rising from the dissected, rugged country north-west of Poila, 
is the wall like escarpment of the Pindaya ridge, composed of 
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Ordovician rocks. It overlooks the valley of the Zawgyi chaung 
and the Pindaya plain on the west and gains both in appearance 
and height further north where it attains over 6,000 feet above sea- 
level. It is in some respects comparable with the Taunggyi escarp- 
ment to which it is parallel, though further north and scarped to 
the opposite point of the compass. 

Leaving the Yawnghwe plain at less than 3,000 feet above the 
sea, the road ascends the first platform of raised terrace deposits, 
some 300 feet high, before commencing the steep ascent across the 
face of the Ordovician limestones which build much of the Taunggyi 
ridge. At mile 102, before the sharp bend which leads on to the 
Taunggyi platform proper, the Plateau Limestones occur and they 
build the wall-like, easterly dipping crag (6,750 feet) rising steeply 
behind the town, and much of the platform itself. Taunggyi (4,676 
feet) thus occupies a site on gently rising ground just behind the 
edge of a precipitous descent on to the lower platform on th(‘ weal 
which borders the plain below. 

The Panlaung river and its tributary in the west flow through 
deep, narrow, heavily forested gorges which belong physiographically 
Drainas^ to the outer western ranges rather than to 

the open grassy downs or the rocky limestone 
ranges of the Myelat to the east. The latter region is essentially 
karstic and has a highly developed underground water system, with 
the accompanying disappearing streams, cauldron vaUeys, sink- 
holes and caves. The direction of the surface flow of the smaller 
valleys is usually indeterminate and the topographical map reveals 
to how great an extent a normal surface drainage has been sup- 
pressed by underground flow. The drainage of the Poila valley, 
such as it is, is south through the Thamakan plain into the Nyan- 
sin chaung and Lake Inle. 

The watershed between the Poila and Pindaya valleys is again 
the divide between the Irrawaddy and the Salween, as the Zawgyi 
and its headwaters of the Pindaya range and the western part of the 
Mawson hills eventually reach the Nkm-Tu, while the overflow 
from Inle empties into the Salween via the Balu chaung (again 
after an underground course). The flat country on the east of the 
map and the Taunggyi ridge drain into Inle, the former by way 
of the Naling (Namlap) chaung. 

The region between the Pindaya-Jdila-Thamakan valleys on 
the west and the Naling valley on the east, including the whole of 
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Mawson, is full of valleys of enclosed drainage of all sizes, the flow 
from which during the rainy season, for they are dry during the 
rest of the year, may reach one or other of the major systems men- 
tioned, by devious channels below the surface. During the dry 
season it is a parched land openly displaying its long corrosion at 
the hand of time ; running streams and springs are very rare and 
towns and villages outside Kalaw and Taunggyi, where British 
enterprise has made modem reservoirs, are alike dependent on 
shallow artificial storage tanks or in some cases, in the flats of the 
plains, on deep wells for the needs of man and beast. 

A special reference may be made to the underground courses 
of the Nyansin chaung through the Heho ridge. It originally flow- 
ed in a deep and narrow defile across this ridge to join the Inle Lake 
and the gorge still bears abundant traces of river action. Probably 
as a result of a landslip caused by the river itself it was diverted 
to its existing underground course which is quite close to the surface. 
The noise of its roaring water can be heard in the defile and during 
the monsoon flood its surplus flow breaks through caves into the 
open air. At one place in the defile, fishermen enter the under- 
ground passage which is stated to be passable for 200 yards before 
it narrows again. Where the old course leaves the defile to enter 
the Inle plain, thick river deposits exist • composed of boulders, 
pebbles and travertine. 

The general level of the Thamakan plain is about 4,130 feet 
above the sea, of the Heho plain 3,785 and of the Inle Lake 2,915 
feet respectively. There is thus a progressive drop of levels corr- 
esponding to 345 and 870 feet from the first to the third. We 
believe that the lake deposits of Inle and the Yawnghwc valley 
liave continued forming from Plio-Plcistocene times to the pi-eseiit 
day, that in the Heho valley their deposition ceased in compar- 
atively recent times, while those of the Vale of Thamakan are tlio 
oldest of the series. 

The Inle Lake of to-day is about 14 miles long and about four 
miles broad. We shall describe it more fully as we believe it 
presents a picture of the hidden history of 
c file La e. older lakes and explains the formation 

of the lignite deposits which they contain. Its depth varies with 
the seasons. In March it is nowhere greater than 12 feet, and 
the average depth is not more than seven feet ; but at the end of 
the^rainy season the greatest depth must be at least 20 feet. The 
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present Water-spread is merely a remnant of the old lake which 
was at least 36 miles and possibly very many more in length, with 
a maximum breadth towards its sonthern end of perhaps eight miles. 

Its main water-supply comes from the north via the Nam Lap 
and from the west by the Heho stream which has a drop of o\eT 
800 feet through its narrow gorge in the Heho ridge, and by the 
Nyansin chaung. This stream rises south of Kalaw, receives the 
drainage of the Thamakan basin and enters Inle through a delta 
after an underground course through the western boundary ridge 
between Ngot (20® 33' : 96® 47' 30'') and Taung-gya. 

The lake is completely surrounded by floating islands formed by 
the growth and decay of vegetation and massed together round its 
edges. According to Dr. N. Annandale, who was helped in the 
geological aspects of his investigations by our late colleague Captain 
F. W. Walker, 

‘Many different kinds of plants take part in their formation, but those of primary 
importance are certain large grasses and sedges that pend out Joi p floating runners 
from which new upright stems arise. Floating plants 
The floating^^slands of p^ch as duckweed become entarghd amongst these 
runners, and at the same time sul merged ^ cede, especial- 
ly a species of Ceraiophyllvrrtf grow up to the surface, wheie their upper parts aic 
killed by the heat of the sun or the growth of algae. The mass of Tegetation thus 
entangl^ is further agglutinated by the luxuriant giowth of an alga belonging to 
the family Rivulariacoae which forms large brownish masees. These elements of 
the island in the making both decay and grow. Their decay forms a kind of 
fen-peat which is prevented from sinking by their floating and growing parts. 

A floating island covered with rich soil is thus formed, snd plants of a great 
variety of species grow up upon it, forming dense entangled masses. Even ron- 
epicuoufly flowering orchids and email shruls flourieh in a little time.’^ 

The floating islands, cultivated on in their natural state, con- 
gregate at the ends of the lake and especially near the southern end 

where they merge gradually into swampy land. 
The fonnafjon of peat. ^ x xv- • i • 

The bottom of this marginal zone is com- 
posed of a black peaty substance. Annandale considered that 
the amount of peaty matter which is continually in the process of 
fonpation round the Inle Lake was enormous. He believed, and 
we share his views, that the peat, together with the silt brought in 
by the streams and, we would add, the astonishingly rapid growth of 
calcareous tufa deposits, must, in the end, fill up the basin completely. 

In this rapid and extensive growth of aquatic and semi-aquatic 
plants, which in their turn quickly change into peaty deposits, 

IN. Aanaiidale, ‘Fauna of the Inle Lake*, Hee, Ind, Mve,, XIV, p. (1918), 



Pabt 2. ] CoGGiN Bbown anp SoNDHi : Kdaw and Tavnggyi. 181 


similar to those found about the margins of the Heho plain, we 


The peat deposits are 7 

the clue to the origin of origin of the lignite depositB of the Shan lake 

the Shan lignites. basins, and certainly a more reasonable theory 

than one lately advanced which would derive them from vegeta- 
tion washed into lake basins in this region by great rivers of which 
no trace now exists, from forests in Upper Burma and Assam. 

Even in the deepest portions of the lake totally submerged 
vegetation lives and flourishes though the bottom is in some places 
almost bare with only scanty growths 


‘of such plants as Potamogeton crispvs, P. pectivatv'*^ HydriJla rerticiVata and 
a species of Charaoeae, but over the greater part of this region dense masses of 
CeraiophyUvm flourish, binding the bottom together with their roota to some 
extent, but not sufficiently to make it solid. The submerged thickets thus 
formed rise up to a height of at least 7 or 8 feet, and sometimes almost reach 
the surface. Tn some places they are in a flourishing condition even when their 
growing parts are almost in contact with the surface film, hut at others they 
exhibit towards their upper extremities all the 85 mptoms of ill-health, probably 
because of the growth of algae of various kinds among them.’* 


The nature of the bottom in the central portion of the lake also 
throws much light on certain deposits found in the Heho and other 
dried lake basins. 


‘ Strictly speaking ’ , vToto Annandale again ‘ the 
The cal^reous ooze of bottom at all. Beneath the water 

c cen CO acne. jg ^ layer of semi-liquid consistency composed of 

extremely small particles of a greenish grey colour suspended at a constant level, 
but never in their natural position becoming consolidated even into real mud. These 
particles are largely of a calcareous nature, as is shown by the following analysis 
of a dried specimen from the bottom of tho northern part of the central region. This 


analysis also was mode by Mr. B. V. Briggs : — Per cent. 

Insoluble siliceous matter 0*98 

Alnmina 1*80 

Oxide of Iron 2-26 

Lime. 45*31 

Magnesia 1*25 

Potash 0*12 

Soda 0*46 

Moisture 3*10 

Carbonic acid 33*15 

Phosphorio acid 0*17 

Sulphuric acid ^*41 

* Organic matter and combined water by difference . . . 11*50 


Total 100*00 


1 Loe, rit, p. 4, 


♦ Containing Nitrogen 0*619, 
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‘On being dried this pea-soup-like mass forms a grey, very friable clay in which 
fragments of vegetable matter are abundantly present.* 

On the western edge of the Heho plain where the stream enters 
its gorge to descend to the Yawnghwe plain, it has cut to a depth 
of 20 feet through grey clay exactly similar to the material just 
described. The grey clay is also found in cuttings below the soil 
at the northern end of the Yawnghwe plain. These clays, like 
the peaty deposits, are full of shells belonging to the same genera 
and in many cases to the same species as tlic living fauna of Inle. 


LIST OF FORMATIONS. 

The formations met with in our area are treated in the following 
order ; — 


Alluvium and travertine 
Residual deposits and upland plains 
High-level terraces 
Lacustrine deposits 

Red Beds 

Coal Measures (Loi-an series) . 
Upper Plateau Limestone 
Lower Plateau Limestone 
Silurian and , . . . . 

Ordovician rocks . . . . 


Recent. 

. Sub-Rocont. 

. Pleistocene, 

. Late Tertiary . 

. Cretaceous. 

. Jurassic. 

. Pormo-Carboniferouh. 

. Devonian-Carboniferous. 


In dealing with the Lower PalsDozoic, the most convenient 
method of description seems to us to lie in the adoption of a geo- 
graphical classification in the first instance, dealing in turn with 
the three great inliers in which they occur. These are the Pin- 
daya, the Mawson-Heho-Mawnang and the Pon-Taunggyi occur- 
rences. A tentative attempt to correlate these is given in the 
following table and is subject to modification in the light of the 
results to be obtained from a critical examination of the more 
important fossils. 
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Tentative correlation of the rocks of th^ Lower Palqeozoic inhers. 


Age. 

Northern Shan 
eqoivalente. 

Pindaya 

inlle^. 

MawB5n-Heho- 
Mawnang region. 

Pon-1?aupggyl 

regm. 

SZLXTBIiJI. 





Upper . 

Zebingyi etage 

*• 

rentaculites beds. 

TentaenUtes beds. 
Trllobite beds of 
Ppn. 

Middle 

.. 


.. 


Lower . 

Panghsapyc band 

Wabya graptoUte 
bed. 

U) Mebyataung. 

(() and other. 

(a) graptoUte beds. 





Orthoceras beds. 


ORDOTICJlAlf. 





Upper . 

Upper Nftung- 

kangyls. 

rindaya bede 

Mawsbn eories 

Taupggyi Crag 

exposures. 

Middle 

Lower Naung- 

kangyis. 




Lower . 


• • 

• * 

Taiing-bu, Sale and 
Tannggyi scarp 
exposures. 


RECENT ALLUVIUM. 

True river-bome alluvial deposits are scarce and occupy bpt 
a snip,U fraction of the area. Only the larger streams parry perep- 
i4al water apd an occasional small spread of pebbles or a patch of 
clayey loam, such as those found on the banks of the Poila stream, 
or deep down in the Toklet valley, comprise all that can be regard- 
ed as of recent origin under this head. Such deposits are nearly 
always terraced and utilised for wet rice cultivation, the higher 
straths, if any exist, being occasionally devoted to orange gardens, 
as in the vicinity of Poila and Pindaya and to some extent 
pear Italaw, It is not intended to convey the impression that 
Uttla agricultural land exists, for extensive cultivation is carried 
on in the lake valleys and on the dry clayey soils covering both 
the Plateau Limestone and the older rocks. In this part of the 
Shan States, potatoes are a common monsoon crop in such sit- 
uations and are extensively exported both to Burma and India. 
^Plourishing holds of othot vegetables indicate that under a scientific 
system of ariihoial fertilisation and cheaper methods of transport 
than prevail to-day, these soils may yet prove of groat value. 
Wheat and other cereals are also grown on the higher uplands both 
by Gurkha colonists and the indigenous hill-folk. 

E 
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The peaty eoils of the margins of the old lake basins and the 
grey calcareous clayey ones of their more central portions are 
devoted mainly to the cultivation of rice. 


TRAVERTINE DEPOSITS. 

One of the most extraordinary natural phenomena to be seen 
in the Shan States is the extent and the rapidity of formation of 
tufa by the deposition of calcium carbonate from solution in water. 
The process is thus described by La Touche : — 

‘ The enormous extent to which the limestone of the plateau is being removed 
in solution by percolating waters has already been alluded to. and it is not surpris- 
ing to find that when the water comes again to the surface in springs and rivers, 
and is either evaporated or loses the carbonic acid which keeps the carbonate of 
lime in solution, the deposits should reach correspondingly huge dimensions. 
Indeed I doubt whether any other limestone tract can show deposits of this kind of 
Buoh magnitude, at least in the open air. In the ordinary “ Karst region the 
evaporation usually takes place as the water trickles into the caverns and hollows 
worn out of the rook, with the formation of stalactites and stalagmite ; but in 
the Shan States there are no open caverns in the great bulk of the limestone, owing 
to its universally shattered condition, which causes the mass to settle down eis 
underground solution proceeds ; though in the super -jacent, more compact, 
Permo-Carboniferous limestones caverns are common enough.^ Thus the carbo- 
nate of lime which would ordinarily be deposited on the walls of caverns and fissures 
is in this region brought to the surface and thrown down in the open. The brecc- 
iated structure of the rook allows water to percolate through the mass in all direct- 
ons, and this no doubt adds to the rapidity with which it is dissolved.’* 

The only examples of the travertine dams common enough in 
the larger perennial streams of the States generally, occur in the 
upper waters of the Panlaung river, an illustration of which is 
given in Plate 8, fig. 1. After its junction with the crystal clear 
waters of the M 3 dttha chaung at Songyi, the influx of pure water 
from an area of non-calcareous rocks is sufficient to inhibit the forma- 
tion of these dams, and they do not occur in any part of its course 
below this point, as Sondhi found during a journey down the 
Pi^ulaung on a bamboo raft, although masses of travertine cover 
the banks at many places. 

Deep pools of any of the rivers flowing over calcareous rocks 
show the water to possess a peculiar, milky, greenish blue tint 
which may be due to the presence of suspended particles of carb- 

well-known Pindaya oaves of oar region are in Penno-Oarboniferons limestone, 

* Touche, loo, eit,, p. 825. 



Pabt 2. ] OoooiH Beown and Sondhi : Kabw and Taunggyi. 186 


onate of lime. Be that as it may, the fact remains that any artificial 
barrier or natural disturbance quickly brings about the formation 
of a tufa dam even in the largest stream of this character. These 
take the form of weirs from a few inches to six feet and more in 
height and level enough along their crests to suggest the aid of 
human workmanship in their construction. The Shans build fish- 
ing weirs on the rapids of their rivers — rough lines of stakes driven 
into the beds and interlaced together by split bamboos and wattles. 
Within a few weeks, the leaves and twigs held by these obstruc- 
tions are often bound together in a solid mass by the deposition 
of tufa upon them. 

La Touche advanced a theory concerning the origin of the tufa 
dams which to our minds is not entirely convincing, but we have 
no alternative to offer and to it the interested reader is referred.^ 

Apart from the calcareous dams in this river, and again for the 
benefit of the geologically-minded traveller who is unlikely to visit 
the upper reaches of the Panlaung, we would state that good examples 
are to be seen beyond Taunggyi in the Nam Teng valley and again 
at Kunhing on the Nam Pang (248 miles). Travertine is deposit- 
ed on a large scale in the beds of small streams and by springs 
issuing from the great limestone scarps in favourable places where 
they are underlain by impervious rocks. In such cases then 
precipitous sides 

* are generally festooned with huge masses depending like curtains from their 
crests ; and where the conditions are favourable these masses may extend com- 
pletely across the gorge and form a “ Natural Bridge 

Although between Kalaw and Taunggyi conditions are not favour- 
able enough for the formation of natural bridges, great masses of 
travertine may be seen around and below Wetpyuye (20°42' : 96^ 
31') and again on the last ascent from the Yawnghwe plain to 
Taunggyi about mile 41, the bed of a torrent, dry for most of the 
year in this neighbourhood has then every appearance of a frozen 
waterfall. In another place near Bawgyo in the Northern 
States, a railway cutting some hundreds of yards long and a 
hundred feet or more in depth is excavated entirely in tufa, deposited 


1 Loc, pp. 326-328. This deposition of calcareous tufa at points where 
obstmotions oauie the waters to be agitated finds a parallel in the deposition of a coating 
of psUomelane on manganiferons marbles at a waterfall at Ghogaia on the Penoh river 
in the Central ^^vinoe«, although the detailed cause is different. See Mem, Oeoi, Surv, 
Ind,, XXXVU, p. 396, (1909)— L, L. Formor, . 

* Ja 7ouohe| loo, eit., p. 329. 
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^ ])fi4|i( of tu^ occur jo tpe pfaffts of ^opg Uai awJ ]^w]an^ ^n4 
tip feeaer ^gctppf in tbc ?ppQPg pl^ to the e^t at Taunggyi. 

Qp the Pefip pfain narrow tqfp ridges are to bo seen running 
fflr Bopsidorabip 4is*#o®0» shoye thp surface pf the soil. They 
aye fuff of sheffs pf the satpp species as tfjpse ocpurriflg ip the pepty 
4ppqsif» sp4 o>P sopposeif to represent the beds pf former streams ; 
dryipg completely pr re4nce4 tp » ipere trickle ip tfie supuney, 
such styeame f)uild pp thpiy beds bv tt^e precipitation of the parb- 
Opptp pf lime ss tilo water evaporates, esseptially a difEerept picthpd 
of tufa formation from that of the dams in the large peyepnial 
stypams. 

The curious anastomosing character of the streams of the 
Yawnghwe plain — more reminiscent of deltaic conditions than of 
an inter-mountain plain, is a consequence of this raising of their 
bed levels, for the water then breaks away from the parent channel 
and, wandmung across the more or less level surface, forms new 
lines of flow which meet and break sway again, before they too 
in thpir turn perish. 

The effects of rapid travertine deposition are remarkable. In 
the stream beds outcrops of the tough outer layers resemble older 
rocks until they are broken and the characteristic banded and 
fibrous structure of the deposit revealed. Tufa again often binds 
pebbles and rock fragments together into breccias and conglome- 
rates of recent origin which may be mistaken for rocks of greater 
age. By the deposition of this material in small cracks and fiss- 
ures of the red clay a hard, cellular, pink, argillaceous limestone 
is formed, its origin often betrayed by the presence of land shells 
and leaves. 

T]ie presence of leaf impressions of recept plants and trees in 
the spring-deposited travertine is tmiyeysal. They are generally 
in perfect preservation and display the piost delicate tyacery of ^he 
vegeteble slyeleton. 

f’be procfiss pf typyertipe fpr|p*tiop can be watched and studied 
where the lime-laden waters drip or trickle over decaying vegeta- 
tion. The csrbpnate is deposited in concentric layers around every 
twig apd ypptlet, the organic naatter pan be seen in every stage of 
decay until •veatuaUy nothing is left but a hollow tube, to be filled 
in later in the same maimer. Annand^ relptee thp di^^7«i7 
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at the head df the Heho pass of what at fitst aij^t tt> this zoologist^ 
appeared to be fossil coral reef, but was actually a tufa bank iu 
process of growth. Heavy rain had washed away the covering 
earth, and exposed the interlacing rOots of vegetation. Lime- 
bearing waters dropping on these cconmenced the petrifaction — a 
process which invariably occurs when suitable Conditions arise. 

RESIDUAL DEPOSITS. 

* One of the most striking features of the plateau country 
wrote La Touche with reference, it is true, to the Northern States, 
but equally applicable to the Plateau Limestone areas of the country 
between Kalaw and Taunggyi, 

‘ is the unirersal mantle of red clay, which is spread over the limestone. When 
one ascends even the smallest elevation above the cultivated straths that border 
the streams, red is the prevailing colour that meets the eye, wherever the soil is 
exposed, and it certainly adds much to the picturesque character of the scenery. 
The colour is a bright Indian red, sometimes with a sKghtly orange tint when dry, 
but becoming much darker when wet. On the open plateau the clay contains 
little or no sandy matter, and is of a stiff, tenacious nature, very slippery when 
wet with rain. It is usually filled with pisolitic nodules of iron oxide, ranging 
from the size of a pea to that of a hazel nut, resembling the nodules of whioh some 
varieties of laterite are built up. In fact it is not improbable that the red clay owes 
its origin to a process similar to that to which the origifi of laterite is geherally 
attributed, the decomposition of the underlying rock : but in this case the product 
is less consolidated, owing perhaps to the absence of silioeous matter from the lime' 
stones. It corresponds rather to the “ Terra Rosea ” of south-east Europe, where 
it is largely developed in the limestone tracts ( Karstgebiete) Istria and Dalmatia, 
where however, it ia usually confined to hollows in the surface and to caverns.** 

On the limestones of the upper division of the Plateau group 
the soil and clay tends to bo of a more yellowisb red colour and on 
the calcareous shales of this division it is usually a dull deep grey. 

Excellent examples of the red type are seen between Kyong 
(20° 47' 30' : 96° 39') and Poila and between the same place and 
Myinkyado (20° 66' : 96° 33'). Near Kyawktap, the boundary of 
the Plateau Limestones and older rooks on the east can be traced 
by the change in colour of the soils of the two formations. In 
mapping the boundaries of the Thamakan lake deposits, owing 
to the lack of surface rocks, the coloiur of the Plateau limestone 
clay ia of great assistance. In this connection a word of wsrn- 


^ Ls Toueho, loe. eit., p. 323. 
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ing is neoess^iry. It is the custom of local cultivators to collect the 
surface soil during the dry weather into small heaps around a 
central core of leaves, twigs and cow-dung and to calcine this by 
burning. When the process has been repeated for a few seasons, 
the lighter tinted soils of the other formations assume artificial 
reddish colours by reason of the oxidation of their iron contents, 
which by the unwary might be taken to be those of true Plateau 
Limestone soils. 

Collecting in all situations with a gradient low enough to prevent 
its removal in the monsoon rains, the terra rossa blankets all the 
lower portions of the Plateau Limestone area, assuming a smooth 
and mature appearance which is entirely misleading as to the condi- 
tion of the underlying rocky surface. The latter, though rarely 
seen, is corroded and confused beyond description, so that while 
one limestone pinnacle may almost reach the surface, a few feet 
away there may equally well be a clay-filled hole 30 or 40 feet deep. 
In this part of the Shan States as elsewhere, the insoluble iron com- 
pounds, the concentrated products of hundreds of feet of rock 
decay, tend to segregate into pisolites and small nodules scattered 
through the clay or confined to ill-defined zones in it. Thin sur- 
face deposits of limonite ‘ beans ’ sometimes accumulate in little 
rivulets which gather the surface water together for the larger 
drainage channels in the wet weather, but nowhere have we seen 
the iron compounds segregated into the irregular spreads of good 
iron-ore which sometimes lie between the terra rossa and its parent 
rock in the Northern States and are of considerable economic import- 
ance there. This is not a sufficient reason to conclude that they 
do not exist, for complete sections are very rare. 

THE UPLAND PLAINS. 

The geological map accompanjing this report shows a number 
of areas of residual d^osits which are best described as upland 
plains. As typical examples the one extending north from Kyawk- 
tap to Thegon and thence west to Ta-me, or the long area stretch- 
ing north from Pindaya, or the parallel one between Thitebin 
and Gwe-bin, three iniles further east, may be quoted. Some 
of the smaller plains contain lakes, as in the case of Twin-su, or the 
three-armed valley of Baw-lon (20° 64' : 96° 48'). The smaller ex- 
amples, which all lie in valleys of enclosed drainage, may have 
originated through the blocldng of the funnels leading to the 
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underground water circulation system, and the earlier existence 
of lakes in some of the larger ones — apart from the artificial collec- 
tions of water in large tanks behind earthen dams, a device of the 
local people for storing water during the dry season — is suspected 
but not proved. They are not perfectly flat plains except in theii 
central portions, for the gradual downward creep of soil and clay 
from the surrounding hills results in the imperceptible merging of 
gently sloping eluvial deposits, which are but little removed from 
their original situations, into stufi which has probably been trans- 
ported from greater distances. The approximate general elev- 
ation of the larger upland plains is not much below 4,000 feet. With 
the exception of a layer of cream-coloured silt underlying the red 
soil in a stream bed half a mile north-east of Pindaya, nothing but 
red Soil and clay has been seen in them. 

HIGH-LEVEL TERRACES. 

At the foot of the Taunggyi range there is a well-marked plat- 
form of pebble beds and sandy clays bordering the Yawnghwe plain 
on the east and stretching for three miles from Thitpindaimg to 
Konbeau, near Sale (20° 47' 30'^ : 96° 68' 30") where it becomes re- 
duced to a mere tongue stretched out to the east along the bottom 
of the precipitous ridge above. The flat top of this platform is 
over 300 feet above the level of the Yawnghwe plain and the 
pebbles which it contains were derived from the Silurian sandstones 
of the ridge to the N. N. W. 

Now raised terraces of this kind and of both fluviatile and 
lacustrine origin are known from many places in the Shan States 

Coaip.rl.on with high. adjoining regions. Thus for example 

level lake and river at Mogok, there are the old gem-bearing lake 
terrace. eUewhere. gravels, the base of which is above the level- 
of the present alluvium ; in Mainglong there are terraces, 200 feet 
above the level of the existing Nampai river, which Noetling thought 
were lake deposits. The old river terraces of the Nam Tu near 
Hsipaw have been described by La Touche and their growth is held 
to be responsible for the peculiar course now taken by that river 
above Hsipaw. At the mouth of the Nkohsiin, a tributary of the 
Nkm Tu, the wHsting remnants of old terraces are over 100 feet 
above the present river level. Further afield in Yiinnan, they 
have been described from many of the valleys by practically every 
geologist who has visited the province. In the Salween valley 
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there, they attain heights of oyer 300 feet above present river* 
level. So widespread are these deposits in Yunnati that W. 
Oredner devotes a special development phase of tectonic origin to 
them in his recent classification of Quaternary events, and des* 
Cribes it as Diluviale * Aufschtlttung in lalem und Becken 

These examples are quoted here to prove that onr lake and 
terrace deposits are not merely local developments and that their 
origin should not be sought in circumscribed events within limited 
portions of the Shan States but in great earth movements on a 
continental scale. 

It has been held by some writers that pebble beds such as those 
of the Yawnghwe terrace are too coarse to have been deposited 
on a lake bed, but it seems to tts that while the cla}^ and sands 
may be true lacustrine deposits, the pebble beds may equally well 
represent torrential, rudaceous collections carried down into the 
lakes during times of flood. 

Similar deposits form the elevated ground at the head of the 
Yawnghwe valley to the west of the Namlap chaung and between 
it and the eastern wall of the Mawson highlands about Sinchaung 
and also they build up the elevated rolling ground bordering the 
Ktm-lon valley on the north-east. 

In the extreme north-eastern comer of our area raised terraces are 
again encountered in the valley of the Nam Akye, east of Nawng-yun 
(20° 67'; 97° 16'), where perfectly rolled pebbles and boulders are to 
be seen some 200 feet above the present level of the stream. 
Three miles to the north the village of Konlong (21° O' :97® 11') is 
bnttt on such a deposit and stands nearly 160 feet above the 
stream^leveL 

Here the bonldets are unusually large and are mostly of hard, 
quartzitic sandstone, derived from rocks of the same description, 
ooveriitg this portion of the area^ and believed to be representa- 
rivss of the Ooal Measures. 

LACUSTRINE DEPOSITS- 

riiese lake deposits range from the Flio-rieistooen ' sanda, 
clays and silts of the former Thamakan Lake, through the stib* 
recent clays which underlie the &eho ^ 1^1^^ deposits of the 

Ihle Lake, which ate stiU In process of formation to-day. They 

^W. ‘iTunnan Beise’, n, Ifttt. Oeog. Inst. Sun-Tatsen UniversiUU.t 

KanW ^ t nr. 2, p. 91, (1931). 
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Are not oonfiiied to the region ulider diseussion, but appear to 
Odcilt in many parts of South-Eastern Asia where couditiolis have 
been faVoutable to their origin. They are all of comparatively 
young origin and are found in detached basins, occupjdng existing 
river valleys at all kinds of elevations from Siam, and Indo-China 
through the Southern and Northern Shan States into Yiinnan. 

In the Northern Shan States they happen to be mainly confined 
to the portion of the plateau surrounding the high ground culmi- 
nating in Loi Ling ; but it is necessary to draw attention to their 
Wide distribution in other regions in order to combat a recently 
advanced theory of a series of lakes or a large single lake extending 
Southward in a great hypothetical depression east of the main Shan 
jilateau. This depression, according to C. 8. Fox, 

‘ lay roughly parallel with the geosynclinal of the Irrawaddy valley, which 'lies 
wert of the Shan plateau. The general compression and uplift, which was already 
in progress in Miocene times, would account for the origin of the Shan lake basin 
as another synclinal. Judging by the oocurrenoe of Pliocene and Pleistocene 
deposits in upper Assam and northern Burma, it is possible that some of the drain* 
age from these regions discharged into the Shan lakes. And seeing that the lira- 
waddian and Tipam sediments are often characterised by the presence 6f lignitic 
and silicified tree trunks, it is not improbable that vegetable debris from the same 
forests were swept into and settled in the quiet waters of the Shan lake and were 
there transformed into lignite.* ^ 

We do not pfopoae to criticise this theory here, beyond pointing 
out that we do not agree that there is any evidence that a large 
Shan lake existed, or that the drainage from Upper Assam and 
Northern Biuma reached the Shan States in Plio-Pleistocene times. 

Occurrences of lignite are not confined to the lake deposits of 
the Northern Shan States, they are found also in the Southern 
Shan States and in Siam and Tiinnan. In eastern Amherst, 
Tavoy and Mergni, the lake basins contain oil-shaleB and lignites 
of more or less contemporary crigin with ours. 

The causes which have brought about the draining of certain 
lakes are of both local and widespread origin. Under the first 
head we include the gradual filling up of a basin with sediments 
aided in some oases by widespread deporation of thick tufa deposits, 
or its emptying by the outring baek of its ov^ow channels through 
the sfdntlon ol limestone. 

In tikis oonneotion it is interesting to note that the drainage 
efaanaek of the laleas usually discharge through limestone. In 

* 0. S. Fox, Mm. 0*ot. Bitrv. Ini., LVQ, p. SOU, (1081). 
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searohing for the original cause of the lakes themselves a clue is 
found in the existing valleys of enclosed drainage in limestone 
areas. By the accidental blocking of the inlet to the underground 
drainage system of one of these, a lake is immediately formed and 
instances are known where small lakes, both natural and artificial, 
have been created in this way, though tectonic causes have admitted- 
ly played their part in the creation of the large ones. 

The deposits of the old Thamakan Lake now occupy an elongat- 

Oeposits of Lake elliptical area 15 miles long and about half 

Thamakan. that distance in maximum width. They are 

surrounded entirely by Plateau Limestone except in the south- 
west where they abut on Jurassic rocks. The lacustrine deposits 
are often severely crumpled by movements of the limestone 
flo(jr as a result of solution. Apart from these purely local 
disturbances, the sands, sand-rock, loose pebble beds, soft con- 
glomerates, silts, clays and loams of which they are composed are 
usually horizontal or possess dips of low angles conferred on them 
by warping movements during the general elevation of the whole 
country. Exposures are infrequent, as is only lo be expected, 
and are best found either in natural stream sections, which are 
uncommon, or in road and railway cuttings. Approaching Aung- 
ban from Kalaw and looking across the narrow paddy plain to the 
north just before the town is reached, a low cliff is visible, stained 
and splashed towards the top with red and brown ferruginous 
products and corroded deeply into a group of ‘ rain pillars ’ ; these 
are typical Thamakan deposits. 

The crushed and distorted, soft, yellow and yellowish-red sand- 
stones which occur in the limestone, just to the south of Kyong, 
are further examples. Just to the south of the village and also 
about half a mile north of it, the road has been cut along the 
western limits of these deposits. In a few well-displayed sections 
in the road cuttings hereabouts the soft deposits are seen filling 
angular V-shaped hollows and chimneys between sharp pinnacles 
and ‘ dog-teeth ’ of the Plateau Limestone, presenting a fair picture 
of the highly serrated profile of the latter rock formation at the time 
it was submerged under Lake Thamakan. 

According to Middlemiss outcrops of lignite occur among the 
sands and clays in a horizontal layer at a point half a mile south- 
west of Nan^gon (20° 48' : 96 °42' 30*") and also at another place in the 
same neighbourhood If miles west by south of Nan-gon. To him 
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it seemed probable that a more or less continuous layer exists, 
though neither very pure nor very thick. 

Indeed since 1887 it has been known that beds of lignite are 
sometimes found in the old lake basins of the Southern Shan States. 

These are mentioned by E. J. Jones (1887), 
Lignlt^o^aiiTra Middlemiss (1900), as occurring 

in the Tigyit valley, and there is little doubt, 
owing to their common origin, that boring in suitable positions 
would reveal their occurrence in other lake basins, where at present 
they are unknown, because nothing is visible in them but the recent 
surface covering — very often a deep black, carbonaceous soil largely 
composed of vegetable debris and of the nature of peat. 

Lignite-bearing rocks of Pleistocene age are well known in 
Northern Siaun, Tonkin and the Malay Peninsula. Wallace Lee, 
describing the former, states that they occur in isolated topo- 
graphical basins, exactly as the Shan ones do : — 

* The relief of such areas is low, and most of the rocks are exposed in the mountains 
on the margins of arable basins. The rocks consist of shale, fire-clay, coal, thin 
sheets of limestone crowded with fresh-water fossils, and subordinate amounts 
of sand. In spite of the fact that these beds are nearly always steeply inclined, 
they show a very small degree of metamorphism. The coal beds, some of which 
are more than C feet thick, ar«3 impure and have not progressed beyond the stage 
of lignite. On account of the decomposition and limited exposures, it was never 
possible to measure a full section ; but these beds are at least 200 feet thick and 
probably much thicker. They are probably lake deposits formed in basins of post- 
Tortiary disturbances, probably associated with faulting. Similar deposits have 
been observed by French geologists as far north as Tonkin, where their age is 
considered Tertiary.’^ 


THE KALAW RED BEDS. 

The hill-station of Kalaw is built on a deposit of arenaceous 
shales, sandstones and coarse conglomerates. Except for the con* 
glomerates, which, when fresh and rich in limestone pebbles, are 
grey, a persistent brick-red colour pervades the .entire deposit. 

In our area there are three outliers of these beds, the first in the 
south-west portion of our map occupies a long, narrow N. N. W.- 
S. S. E. basin in the Coal Measures (Loi-an series) on which 
they are unconformably deposited, and carries the main Thazi- 
Kalaw road between Kyatsakan, 34 miles from Thazi, and Kalaw, as 

1 Wallace Lee, • Outline of the Geology of Siam *, Bull, Amer, Assoc, Pet, Oeol., 
XI, Pt. 1, p. 411, (1927). 
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w^ll as about eight miles of the tailway lin^ south of the lattet town. 
The second and third to the north were doubtless connected imtil 
denudiition removed them in the neighbourhood of Legaung, where 
small detached patches still survive. 

Several very good sections of the different members of the 
EalaW Red Beds are visible along the road in the Taungwindwin 
valley and were originally described by Middle- 
nriss. This stream has cut a well-defined deep 
course along the strike of these rocks. The 
conglomerates, which form perhaps the most remarkable feature 
as well as the greater bulk of the formation, are of varying teltute, 
compactness and composition and occur at different horisons. The 
narrow, sharp ridge along the valley on the east is formed of a 
oosurse conglomerate band containing large boulders of hard, purple 
sandstone and smaller ones of limestone, embedded in a red, sandy 
calcareous matrix. And the high, rugged hill-range flanking the 
valley on the west is built for the most part of a coarse soft conglo- 
merate remarkable for the large size and angularity of its sandstone 
boulders and the low proportion of its calcareous contents. 

A study of dips, seen only in the shale and sandstone inter- 
beddings, indicates a gentle puckering of the beds. 

Excellent exposures of the Ealaw Bed Beds are to be seen about 
Kalaw itself, in the railway cuttings between Myindaik and Ealaw 
and along the main road to Thazi for some 
xpositref itesr . Kalaw lies at the bottom of a well- 

defined synclinal valley. A thick band of grey, compact calcare- 
ous conglomerate that crops out at the Railway Station and builds 
up the great sharp range running due south of the town appears 
again on its western suburbs. From the soft, friable, reddish 
purple sandstones and shales, dipping westwards at about 26 ® 
in the small hillCck, croWned With a pagoda, between the Railway 
Station and the Kalaw Hotel, Dr. Fox obtained ammonites of 
Cretaceous age and thus substantiated Griesbach’s opinion on the 
age of similar rocks in the Northern States. These are the only 
fossils which the Kalaw Red Beds have as yet jielded, and they 
are discussed in a later chapter.^ 

Near Loi-an, the railway Section after exposing beds resemblihg 
the lower shaly ssone of the Coal Measures, shows a small outcrop 

^ 0. 8. 1*01, * Tho OooQih?enee of Cketaoeoas Ospalopods in ihS Red Beds Of Slidaw*f 
Sse. CM. 8wrv. Ind., LXm, pp. 182-187, (1930). 
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q{ Platan Liipqptpne gp:dlp4 with reddish earthy beds and jretJ 
sandstones ; a tuilong or so further on red conglomerates and red 
pebbly sandstones are found, and good exposures of these opcur 
in the i^aUway Station yard. They consist of rolled pebbles 
Plateau liimestone end of red sandstone in the red sandy matrix, 
and the sands between the conglomerates are full of similar but 
smaller pebbles. Along the railway south of Ealaw red and purple 
sandstones and friable reddish shales occur, the sandstones of this 
section being better banded than elsewhere. Between Kalaw and 
the reservoir, four miles to the south-west, which supplies the town 
with water, varied sections of these rocks occur, but the reservoir 
itself hies on bairded sandstone and shales of the older Coal Measures. 


Through the solution of their calcareous contents the conglom- 
erate bands occasionally give rise to shallow caves, perhaps the 
best exunple of which lies on the Golf Course of Ealaw where it is 
marked by a cluster of small pagodas. 

The general characters of this deposit in the other two areas 
towards the north are much the same. The harder conglomerates 
form the high peaks like Taungma, 4,469 

pMtoOTg'witey. • 96°32'30'). North of Singu the 

Red Beds occupy the greater part of the 
Panlaung valley, between the high ranges of the Myindaung and 
Myinbondaung (20°62' : 96°28') on the east and west respectively, 
but exposures are rare and poor owing to the thickness of soil and 
jungle. The high hillmass of Pandaung between these two ranges 
is composed of indurated conglomerate. 

The only known occurrence of limestone in the Ealaw Red 
Beds, is a thin band found in the latitude 20° 55', at a point due 
south of Eolon (20°67' : 96°29'.). 

Of unusual interest are the two tongues of igneous rocks intrusive 
into the Red Beds on the western side of the narrow Panlaung 

tnuive isneoui consists of 

rocSslo the Kallw Red » coarse, pinkish porphyry . with kaolinised 
Bede of the Panlaung phenocrysts of felspar sometimes half an inch 
in length and with a holocrystalline ground- 
mass consisting mainly of laths of the same mineral, often wrapping 
round the larger crystals. The rock is itself intnided by a fresh, 
dark dolerite in which the majority of the phenocrysts are augite 
with minor crystals of fel^Mir and hornblende, all present in almost 
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perfect crystal outlines. The groundmass in this rock is composed 
of all these minerals with a fair amount of partly devitrified glass. 

In the extreme north-west corner of our area similar dolerite 
intrudes the Plateau Limestone, but the country hereabout is so 
covered with soil and thick jungle that the contact phenomena 
and the other igneous rocks that may be present are effectively 
obscured from view. Indications of thermal metamorphism of the 
limestone and the presence of some acid rocks are, however, some- 
times met in the stream-beds where rolled pebbles of marble or of a 
highly decomposed igneous rock showing crystals of quartz and 
muscovite may be picked up. 

South of Kalaw the Red Beds stretch far to the south beyond 
the limits of sheet 93 D/10. According to Middlemiss, at and 
to the south of Min-ywa, a locality which lies 
^ south of the area under description, 

much of the hillside east of the valley is thickly 
strewn with blocks of conglomerate, which is often so full of limestone 
pebbles that petrologically it is a limestone-conglomerate. 

' New Min-ywa he wrote, * also there were good examples of interstratifioation 
of it with the normal purple sandstone, so that no doubt whatever exists as to its 
oonneotion with them. It would appear almost as if the much breooiated limestone 
had become disintegrated under weathering and the fragments flung down as a 
heterogeneous scree-material among the then forming purple sandstones. South- 
south-west of Min-ywa on the west side of the valley, great hills of what appear to be 
limestone reveal on visiting them (during a cross-traverse to Tigyit) nothing but huge 
crags and grotesque masses of this conglomerate, which again on the western slopes 
overlooking the Tigyit valley are found inter- banded with the purple sandstones. 
Even more grotesque are the strange pinnacles and ** stacks ” of this rock as seen 
some miles further south in the rugged and jungle-covered country east-north-east 
of Nanpale.* ^ 

Although Middlemiss differentiated the purple sandstones and 
shales of the Red Beds proper from the pepper-and-salt sandstones 
and shales with coal, he regarded them as one 
Beds.* ^* **** *^*^^ *^*^ continuous series, a single stratigraphical unit 
and at first he unhesitatingly put them down 
as of Tertiary age, particularly because the dark brick-red and 
chocolate-purple colours of the former very greatly resemble the 
ELasauli and Murree beds of North-Western India. On comparing 
his specimens of conglomerate and purple sandstone, however, with 
others collected contemporaneously by Messrs. La Touche and Dutta 
in the Northern States, it appeared to him almost certain that 


tiu, p. 146. 
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they were identical and doubts of the Tertiary age of the rocks at 
once arose in his mind.^ 

Much controversy raged around the question of the age of the 
Northern Shan States Red Beds in the early years of the mapping 
of their boundaries, between 1899-1901. This was finally settled by 
C. L. Griesbach’s prophetic pronouncement, for it was made before 
the fossils which occur in the limestones of the lower part of the series 
had been diagnosed. 

* Certain red shales (with limestones and sandstones) formerly doubtfully 
supposed to be jurassic, which are considerably developed west of Thebaw’ (Hsipaw) 

' (near N^bmhsim and neighbourhood) have now been demonstrated to be mesozoic, 
probably either upper jurassic or lower cretaceous.’* 

The Namyau beds of the Northern States, as they are now 
termed, are dark red to purple shales, clays and sandstones, some- 
times with a basal limestone conglomerate and 
of the Namyau* beds often containing thin but persistent bands of 
fossiliferous limestone, the brachiopods from 
which according to Buckman indicate a Middle Jurassic age from 
Great Oolite to Cornbrash.® 

Buckman thought it advisable to divide the Namyau series 
into two parts — a lower one to be termed the Namyau limestones 
and an upper part the Namyau shales — because while there is faunal 
proof for the age of the former, there is, at present, none for the latter. 
He wrote as follows : — 

‘ It may be that they arc two quite distinct formations, differing considerably 
in date. It may be that the Namyau Shales are not sequential on the 
Namyau Limestones — that the deposition of the Limestones there may have 

occurred the main 8)aiolination. antecedent to the time of the deposition 

of the Namyau Shales.’* 

This opinion and the earlier one of Griesbach as to the Cretaceous 
age of the beds received confirmation through the discovery by 
Dr. Fox in 1929 of ammonites in the Red Beds at Kalaw, which 
Dr. Cotter has identified provisionally as Turrilites sp. curdiffeanus 
(?) and Baculites sp. vagina. Cotter has no doubt that these are 
related to forms from the Trichinopoly beds of the Coromandel 
Coast which are Upper (Ariyalur) to Middle (Utatur) Cretaceous 
in age.^ 

* C. S. BliddlemUs, loc, 144. 

*0. L. Qriaabaoh, General Report, Qeol, Surv, Ind,, 1901-02, p. 25. 

* S. S. Buokman, ‘ The Braolbiopods of tho Namyau Boda \ N. S., 

VoL m. Mem, No. 2, p. 4, (1917). 

* Ibid., p. 215. 
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Red beds of Mesozoic fiige cover vasti eicpoosos in YTestem Cbiw, 
Rrench Indo-China and Siam as well as in the Shnn S^tep, From 
red beds near l^uang Frabang in tbe Jjaos 

&5S«®>Uta SnSS: » _^^g“ent of a sknll of Z>K^o*» seew ^ 
mdio^te ^ Twmo ftge for tjiew tfeer^/ 
t>Jne pl^teftu of Siam, ixnfolde4, bori«o^t»l Ted beds bo lumon- 

fiMTOab}y on older folded varieties. Bertil Hogbom wd WMteP® 
Lee attribute a Triassic age to these, but accordipg to W. CrodireT 
they belong to the younger Mesozoic and middle tp late Tertiary 
Tpspeetively.* 

In Yunnan the same authority divides the Red Beds into two 
discordant series : one an older folded formation, probably 
thousands of metres thick, to which a later Mesozoic age is ascribed ; 
and a younger undisturbed Tertiary series, quite probably of late 
Tertiary age.® 

The palaeontological evidence from limestones which Qppur near 
the strongly folded Red Beds in Western Yunnan, supplied by 
fossils coUected by Coggin Brown, indicates according to Dr. Cowper 
Reed, an Upper Jurassic age which he would apply also to the Lower 
Kamyaus, as they are regarded as belonging to the same strata 
igraphical horizon.^ 

Finally, the lower portion of the well-known Red Beds of S*su- 
chnan, the Tselintsin series, are of Lower Cretaceous age, according 
to the determinations of Dr. A. W. Grabau, while both the lower 
and upper divisions of this great formation have been harmoniously 
affected by comparatively young folding where the Red Basin of 
S’su-chuan borders the frontal ranges of Easteru Tibet.® 

These references are given here to show that the geolqgist vorking 
in the Southern Shan States, where great spreads of undespiibed 
Bed Beds occur, is liable to be called upon to deal with a group qf 
rocks which may be of any age from the lowest l(esogpio tp the 
Tertiary- remains to add that in the region under disonasion, tbp 
older unconformable Coal Measures have been far more strongly 

f J, ‘ Bar an fragmai Crana 4p Diomoilon leoaeiUi 4an« las nnviipfgi dp 

Louig- Prabang (Hant-Laos), Bull, Serv, OeoZ. de Vlndo chine, XII, Faso. 11^ n023j. 

* W. Oredner, * Yiinnan Beise des G^eographiaohen Inatitata der Snn-Yataen univ^- 
Bitftt, 1930 *, 11, * Boobaohtimgen znr G«ologie und Morphologie % p. 52. 

» IM„ p. 89. 

*F. B. Cowper Bee(|, * Kotos pn acme Jurasaio FosaOa from the Shan States \ Bee, 
Geol, Ind,, LXV, p. 186, (1931). 

• AmoW Heim, ‘ The Structure of Minya Gongkar BuU, GeoL 8oc, Chim, XL No. 

l,p.3^(1931). 
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affected by folding, often of the severest character, than the Red 
Beds above them and that the numerous persistent and strongly 
developed conglomerate horizons within the Red Beds themselves 
in our area, as distinct from the single basal conglomerate of the 
Lower Namyau, may indicate internal stratigraphical breaks of far 
greater magnitude in time than has hitherto been suspected. 

COAL MEASURES (LOl-AN SERIES). 

These rocks were first studied in detail by Dr. Cotter near Kalaw 
in the course of the examination of the Loi-an coalfield in 1922. 
He distinguished the two rock formations present there as : — (1) Coal 
Measures, consisting of pepper-and-salt sandstones and sliales with 
seams of coal, containing a flora of Middle Jurassic age and thus 
contemporaneous with the Namyau beds, and (2) the purple and red 
sandstones and conglomerates (Red Beds). Dr. Fox, who visited 
the Loi-an coalfield in 1929, gave the name of Loi-an series to 
Cotter’s Coal Measures. 

These rocks are confined to the western portion of our area, except 
for an exposure in the nortli-<\Tst(Tii corner, and are well developed 
where the Shan })lateau begins to break up into a scries of long, narrow 
hillranges, separated by deep defiles, that cover the ground between 
the plateau and the Irrawaddy plain. 

It has been observed before that the Kalaw Red Beds were 
deposited in a basin of intensely folded Coal Measures. East of 
the Red Beds these rocks form a long narrow 
Kalaw Red*Re?g*(^heet belt studded with patches of Plateau Lime- 
stone inliers. North of latitude 20° 45', they 
build up the portion of the Legaung ridge falling in our area, with 
the exception of a narrow band — broken in a few places — of 
dolomitised Plateau Limestone along its crest, and the greater 
part of the Toklet valley stretching in bands of 3 to miles across 
through the Wetpyu-ye reserved forest, north-west into the main 
Panlaung valley, a distance of 13 miles as the crow flies. 

This formation, as well as the succeeding one of the Red Beds, 
lies to the west of the plateau proper at considerably lower elevations. 
It is deeply dissected by torrential streams and is clothed with thick 
forest of a semi-tropical character. It is a very inaccessible and an 
almost uninhabited territory. In the middle course of the Toklet 
chaung^ however, there is a narrow valley of alluvium which supports 
the two small villages of Legaung and Singu (20°61': 96°29'30^). 

F 
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Their communication with the outside world is by means of a 
narrow footpath to the 30 milewstone of the Thazi-Kalaw road. It enters 
sheet 93 D/9 with an unnamed stream and follows the boundary of 
the overlying Red Beds for a little way to the north-east. Although 
huge blocks of Red Bed conglomerate strew the path, yellowish bufE 
sandstones with hard clay partings and impure bluish grey limestone 
of the Coal Measures occur occasionally. 

The Red Beds of Kalaw are bounded on the west by another 
strong belt of the Coal Measures running in the same general direct- 
ion of N. N. W.-S. S. E., and the crest of the 
the system of sharp hill-ranges forming an import- 

ant local watershed here forms also the bound- 
ary between the two rock fonnations. 

Here the component rocks are hard fine-grained shales. Excellent 
sections are seen in the deep railway cuttings between the railway 
stations of Sintaung and Myindaik, particularly between the two 
tunnels near the highest levels crossed by this branch of the Burma 
Railways. Here strong vertical beds of hard sandstone with inter- 
calated buff and black shales occur several times. Denudation 
usually reduces the splintery shale to a crumbling powder which 
collects at the base into a soft scree deposit, leaving the beds above 
in strong relief. Near the eastern tunnel a sharp recumbent fold is 
seen in the vertical bedding, which breaks into a thrust-fault along 
the upper limb of the fold. The displacement is only about three 
feet and even less near the fold, but it illustrates the nature and 
intensity of the earth-movements prevailing at the close of the Coal 
Measure period. No such structures are found in the Red Beds that 
overlie these rocks unconformably. On the other hand the intensity 
of the movements affecting the latter deposits was hardly sufficient 
to warp them into gentle folds. 

Towards the western limit of this belt the Coal Measures are 
interbedded with a few bands of grey limestone of which three are 
fairly strong and persistent. They are for the most part quite pure, 
massive and tabular, so similar to certain types of the Plateau 
Limestones that at places where both are exposed close together 
it becomes a matter of great difficulty and speculation where to 
draw the boundary between the two, unless of course, interbedded 
shale stamps the rocks as Goal Measures. 

The only fossils so far obtained are some tiny specimens of 
Eitkeria sp. and impressions and casts of a small unidentffiable 
braohiopod, from the shales. 
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The bouodflry between the Plateau Limestones and the Coal 
Measures passes through the railway station of Sintaung and 
continues in the N. N. W. direction along the bottom of the deep 
valley starting from this point. On the west the valley is well hemm- 
ed in by towering crags and sheer precipices of the Plateau Lime- 
stone, carrying the section of the railway with its four reversing 
stations between Lebyin ajid Sintaung. On the east the hill-slopes, 
though steep, are really the dip-slopes of the limestone bands of the 
Coal Measures and the topography is comparatively more rounded. 

South of Sintaung the boundary takes a sudden short turn to 
the cast before it resumes its S. 8. E. direction, and passes at the 
foot of the Plateau Limestone scarp of the Sintaung hill-mass 
6,022 feci. 

The northerly continuation of the limestone bands of the Coal 
Measures form the wesiiern slopes of the Mwe-daw hill-mass, where 
, they are highly altered and mineralised by 
mineralisation of the ig&^ous intrusions. A contmuous e:q)osure of 
limestone bands. propylitised diorite, traversed by aplite veins, 

is traceable from a point south-east of Mwe-daw to the village of Law 
(2()®4r30": 96°27'30^) a distance of about four miles as the crow flies. 
It is generally exposed in ravines and depressions where the overlying 
beds of altered limestones have been removed by denudation. The 
highest levels at which the rock is fou^d are near Mwe-daw and 
generally speaking the elevation drops off to the north, and the 
difference in the altitude of tbe outcrops as traced to the north appears 
more to represept the original contours of the intrusion than merely 
a result of differential denudation. 

The rock is holocrystalline, medium-grain^, and made up mostly 
of felspar and ferromagnesiau minerals with visible impregnations 
of pyrite at many places. Under the microscope the rock shows 
well developed porphyritic structure. Phenocrysts of . plagioclase 
show in sopio cases .beautiful zoned ^touctures and contain cores of 
saussurite, and alpng the margins a granular mixture of the felspar 
and quartz with pl^ty qry^lals of hornblende is present, with some 
of the latter turujed tO; chlorite, Pyrite occurs in spongy crystals 
and larger patches surrounding and penetrating the hornblende and 
chlorite. 

Boulders of similar rociw are very common in the stream at 
Nampandet (20°46': and ite , ijibutaries bn the east and 

t}ie rock was found in situ at a point 'aboui;' twp mil^ east of the 
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village in the tributary named as North Buba chaung in the large scale 
forest map. It is certain that it continues to the south towards 
Wetpyu-ye (20°42' : 96°31') as boulders of the rock are present in the 
South Buba chaung east of Kwe-ma-sa. 

In addition to diorite, typical biotite-granite was found about 
half a mile north-east of Mwe-daw. There must have been a good 
deal of silica solutions associated with the intrusions to silicify the 
limestone bands and the interbedded shales to such an extent as 
they have and it is believed that this solution served as carrier for 
gold and copper-ore present in the altered limestones. The latter 
rock is either completely silicified and accompanied by wollastonit^? 
or it has turned to marble, sometimes of a very pure variety. 

Another small outcrop of diorite has been observed near the 
village of Pangmi (20°35': 96°4:2') where again the Plateau Limestone 
has been turned into marble of a varying texture and purity. 

At the parting of the ways for Singu and Legaung and following 
the latter up the southern branch of the stream, pepper-and-salt 
sandstones with partings of dark shale and 
Ugaun^rWgc ” containing coal occur, while further up 

the ridge, before the Plateau Limestone is 
reached, stout regular walls of sandstone dip E. N. E. at dS'^-TO®. 
In a small overhanging valley are many small pockets and lenticles 
of very crushed, powdery coal. Half a mile further east shales are 
bedded with yellow, argillaceous sandstones and a little further up 
still, with comparatively thin bands of argillaceous limestone crowded 
with fragmentary remains of Alectryonia sp. and crinoid stems. 
The shells are too firmly embedded in the rock for extraction and in 
spite of a hard search no weather-loosened specimens were found, nor 
did roasting the rock bring any success. Barely, however, a weatlier- 
ed boulder will display a complete shell of Alectryonia sp. sticking 
fast to the rock. Just before the crest of the ridge is reached dolom- 
itised Plateau Limestone is encountered. Beyond the dolomite 
come yellow shales, thick and heavy, followed on the eastern slope 
of the ridge by black shales dipping west at about 46°. Further 
down the slope towards Legaung, exposures are poor and infrequent 
but there is evidence of the occurrence of light yellow shales below 
the soil. 

East of Singu the sancU^nes dip 70° west and are found again to 
the west of this village at the foot of the ridge before the Plateau 
Limestone band is met with along the Singu-Thazi road footpath. 
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The Coal Measures are exposed just west of the top of the ridge dipp- 
ing E, N. E. at very high angles. In places the rocks are vertical ; 
coarse iron-stained, pink and light brown sandstones are the common- 
est types and further to the W. S. W., and apparently on the same 
strike as the occurrences of the Legaung footpath, are the same 
impure fossil iferous limestone and an outcrop of coal. 

Details of further occurrences of coal may be given here (a) 

miles further north, as the crow jlies, and throo-quarf(Ts of a mile 
in a straight line from Minbondaung, a peak 
Legaung ridge, 3,106 feet high, {b) One 
mile N. N. W. of (a) and half a mile south- 
west of the confluence of the Toklet chaung with Panlaung river. 
Here the (;oal occurs in carbonaceous shales and dark clays inter- 
bedded with the normal coarse-grained sandstones. A little to the 
aoutii tlio shales and clays contain numerous very fragile plant 
fossils. Tlie dip here is to the E. N. E. but reverses to the 

W. S. W., a few yards further west. 

(c) Following the same strike northwards, the next occurrence is 
a mile away in a straight line on the northern bank of the Panlaung 
river, one furlong cast of boundary post No. 233 of the Panlaung 
reserved forest. The total width of the shales and clays is here 
only 45 feet. A little further north, still along the same strike, 
two more e xposures occur, the northernmost lying in the narrow 
stream bed just south of the reserved forest boundary. At this 
place dark shales and thick beds of clay are associated with fine- 
grained sandstones. The strike is N. 30° W.~S. 30° E. and the dips 
almost vertical, with but a slight inebnation to the W. S. W. 

Although these coal outcrops of the Legaung-Panlaung region 
occur approximately on the same strike, it is far from probable that 
they form a single continuous seam. Their disposition, even in the 
limited sections visible, emphatically suggests that the coal occurs 
in pockets, streaks and lenticles of variable sizes. The only 
occuncnce in our opinion worthy of any further attention and 
prospecting is the one which is located Ij miles south of Legaung 
and one quarter mile up the ridge from point 2,638 of the map, 
south-west of Nanyin (20°49^: 96°30^). At this place the coal is 
associated as usual with shales and hardened clays and three exposures 
are bared within a distance of half a mile along the same strike, and 
apparently of the same seam. The dip here is 46° west or slightly 
north of west. 
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The prevailing rock type of the Coal Measures on sheet 93 D/9 
is a light-coloured, quartzitic sandstone of varying texture. It 
is often iron-stained and on weathering yields a sandy lateritic soil 
with pisolites of iron-ore. 

The small outlier of this rock formation exposed in the nortli- 
east corner of our area, in sheet 93 H/1, answers to the same de- 
scription. Here the shaley contents have been reduced to a very 
snudl proportion indeed. 

According to C. S. Fox, 

‘ The only important coal fields of Upper Gondwana age, (largely J uraesic) ’ 
in the Indian Empire ‘ are those of the Southern Shan 
MaHne origin of (he states northwards from near Kalaw. No marine fossils 
oa easures. have boon found in these beds, which are probably 

fresh-water deposits, possibly accumulated in lagoons.* 

Or again, 

* The Loi-an coal measures near Kalaw in the Soutliern Shan States have 
been proved by their Kajmahal flora to be of Lower Jurassic ago and may bo lagoon 
deposits. No fauna of any kind has bmi found in these beds. The plant fossils 
however indicate an horizon that must l>o very close to that of the marine Namyau 
beds of the Northern Shan States.* 


Or again, 

* Tlio Liassie (Jurassic) coals of the Southern Sliaii States (U>i-au series) may 
be marine, but there is no fauna to eoiifirm this and the evidence might quite easily 
indicate that they are brackish water or even fresh-water deposits.’^ 

The association of limestones containing orinoid stems, and 
Alectryonia sp., etc, mentioned earlier finally settles this matter. 
We do not agree with the description of these and similar occurrences 
as ^ an important coalfield 

The band of these rocks already described stretches across 
sheets 93 D/10 and 14 in the same general direction, splitting into 
several tongues with intervening wedges of 
»he(?t*93^D Plateau Limestone, from the neighbourhood of 

Myinka (20^40' : 96°36') until the limit of the 
sheet is reached south of Legya (20®33' : 96'^42'), Outcrops of coal- 
seams have been found at intervals south-eastwards from Myinka, 
through Nanon, four miles S. E. by E. of Kalaw and Inwun, six 
miles south-east of the same place as far as Kon-hla (20®‘V2' : 96°40'). 


* 0* 8. Fax, * The Natural Hiatory of Indiati Coal Mem. ihol. Burv, Ind^^ LVll, pm. 
47 . 33 , ( 1931 ). 
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Lower thaly zone. 


The most convenient locality for examining the Coal Measures 
is on the main road from Elalaw to Taimggyi, where they commence 
below the Red Beds at about mile 60|. This outcrop is separated 
from the main Loi-an exposures by a Plateau Limestone barrier, 
otherwise they continue nearly up to luile Gd. To the east of this 
again, another limestone band separates th<^m from the last exposure 
of the series, which forms the edge of the Aimgban plain. 

The rocks consist of ‘ pepper-and-salt ’ sandstones and of light 
blue and grey shales and shaly sandstones. 

Dr. Cotter has divided the rocks of the Loi-an neighbourhood 
into three zones, a lower shaly, a middle sandy, and an upper coal- 
bearing zone. 

The beds of the lower shaly zone are best exposed in the railway 
cuttings as bands of arenaceous shales from two to six feet thick alter- 
nating with sandstones from one to two feet 
thick. The former are of a light blue-grey 
colour weathering in reddish buff tints, usually with shaly parting 
but sometimes more correctly described as clays. The sandstones 
are of a light cream to pale pink colour when fresh, of a fairly lint' 
grain, and well laminated. No signs of coal or carbonaceous shah‘. 
Jiave been detected in these rocks. 

In the middle sandy zone, the best sections of which are in the 
railway cuttings and along the Loi-an-Kyauk-tan road, mure massive 

sandstones predominate. They are of a whitish- 

Middle aandy zone. „ , , ... • • i.- 

yellow colour and especially near their junction 

with the upper coal-bearing zone are smashed by a multiplicity of 
joints. Pebble beds occur and may be seen at mile 371-8 oa the rail- 
way. Subordinate bands of laminated sandstone grading into light 
blue sandy clay also occur and in both sections, on the road and 
railway, there is a clay band, 35 feet thick, near the base of the zone. 
Although this zone contains no coal, there are traces of carbonaceous 
markings and of fossil plants about furlongs east of the anticline 
on the railway section. 

The predominating rock of the coal-bearing zone is a lights 
grey-blue clay often grading into shale. Associated with the coal 
seams is a plastic clay. The shales close to the 

Coai^beaHiig zone. geams are of a darker colour and pass into black 

carbonaceous shales or clays. Both the carbonaceous shales and th<' 
coal itself are universally crashed and slickeusided. 
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The roof of the eeams frequently contains traces of fossil 

Age of the Coal ^ Myiiia area (mile 

Meifurei (the. Lol-an 63-4) and Loi-an, Cotter has identified the 
following forms : — 

Cladophlebis denticulata, Brong. 

Gingkoites digitata, Brong. 

Pagiophyllum divaricatum (Bunb.). 

Brachyphyllum expansum (Sternb.). 

PtilophyUum sp. cf. P. hislopi (Oldh.). 

Podozamiles distans (Morris). 

According to Cotter Gingkoites digitata is a cosmopolitan Jurassic 
species. Pagiophyllum divaricatum occurs in the lowermost Creta- 
ceous group of Kachh. Brachyphyllum expansum (Feistmanters 
Pachyphyllum heterophyllum), occurs in the Vemaveram beds (of 
Upper Lias to Lower Oolite age). PtilophyUum hislopi is also found 
at Vemaveram, while Podozamiles distans is found in the Lias at 
Rajmahal. The age of the coal is therefore taken to be Jurassic, 
but it is not yet possible to decide whether it is Lias or Oolite. The 
Coal Measures are now believed to be tucked in along axes of reversed 
folds in the limestones or faulted down into them, a view originally 
suggested by C. S. Middlemiss. 

The nearest known Mesozoic coal-bearing rocks lie to the east in 
Central Yunnan and they too are overlain unconformably by a 

Mesozoic coals of thickness of Red Beds. The fossil fauna 

Yunnan. collected from the coal measures there by 

Coggin Brown has been ascribed to the Lower 
Noric or Upper Trias, that is to say they are somewhat older than 
these measures. The Napeng Beds which come between the Plateau 
Limestone and the Red Beds of the Northern States are unquestion- 
ably of Rhfletic age, steeply dipping or vertical } small recumbent 
synclines and an anticline are known to occur in them. 

According to C. S. Fox, a series of hard sandstones and con- 
glomerates quite distinct from the soft Red Beds of Kalaw occurs 

SiuDoied < Banter* rougUy east of the 

bediT*^ Thazi-Kalaw road about the 38th mile from Thazi, 

which underlie the Coal Measures of the Legaung 
ridge. We are well acquainted with the area in question and do not 

^ F. B. Cowper Beed, * Paleozoic and Mesozoic Fossils from YSnnan PaL Ind., 
VoL Z, Mem. Ko. 1, p. 203, (1927). 
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know of any conglomerates there other tlan those of the Red Beds, 
while the sandstones in question undoubtedly belong to the Coal 
Measures. We are therefore not in a position to accept a correlation 
of such beds with the Bunter, the lowest division of the Continental 
Trias of Germany, which Dr. Fox has tentatively proposed.^ 


THE PLATEAU LIMESTONES. 


Both sections of the Plateau Limestone occupy wide expanses 
in our area ; the lower section, generally a white or light grey 
dolomite weathering to a darker colour, is always exceedingly brec- 
ciated and in cases where the secondary fiUing which cements it to- 
gether has been leached out, is a soft shattered rock easily broken into 
fragments ; the higher, a true limestone, is usually dark blue, grey 
or black in colour with a minutely crystalline texture. These latter 
rocks are tough and compact, break with a conchoidal fracture and 
are often fossiliferous. They usually occur as outlying masses, 
capping ridges and the crests of hills the main mass of which is built 
of the older vaiiety. 

A narrow band of Plateau Limestone stretches from the north- 
western corner at the head of the Panlaung valley and crossing 
that stream continues south along the crest 
of the naiTow divide known as the Legaung 
ridge between the Toklet and Taungwindwin 
chaungs, the outcrop being in some places less than a quarter of a mile 
wide, and at others pinched out for a short distance. It terminates in 
peak 4,452 near Lwe-lon (20°4 i': 96^33') in sheet 93 D/10, 

Another similar band runs through the Coal Measures in the 
south-west corner of our area, building up the great craggy ridge with 
pinnacles and chimneys reaching over 6,000 
feet in height and carrying the section of the 
railway line between Lebyin and Sintaung on 
the eastern side. This band is stronger and better individualised 
than that of the Legaung ridge and its northerly continuation crosses 
the Thazi-Kalaw road near Pyinyaung where it was first described 
by Middlemiss, 

These occurrences are separated from the main expanse of lime- 
stone by the Mesozoic basin which occupies the eastern portion of the 


Inlier on the Legaung 
ridge. 


Inlier of the Sintaung 
ridge. 


^ 0. S. Fox, * Oocurrenoe of Cietaceotui Cephalopoda in the Red Beds of Kaiaw 
Bee. CM, 8urv. Ind,, LXn, p. 186, (1930). 
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sheets in the valleys of the Fanlaung and its tributaries, and in 

The main ex ame of Kalaw neighbourhood. Except for the area 
Plateaa”LlmMton^ ^ occupied by the Pindaya inlier of Ordovician age 
or for the portions covered by Plio-Pleistooene 
and Recent deposits, the rest of 93 D/9 to the western borders of 
the Mawson highlands in the north and the boundary of the Heho 
plain in the south is occupied by the Plateau Limestone. 

It forms the plateau country which has a general altitude of 
about 4,600 feet stretching north from Aungban, through Kyong 
Namhkom (20'^51': 99°4l') and Myinkyado and descends to elevations 
of approximately 3,000 feet over the lip of the plateau on the west. 
It underlies the greater part of the Poila State and continuing north 
into Pangtara (Pindaya) wraps here up on to the shoulders of 
the higher and older lands on the east and west. The range which 
separates the Thamakan and Heho valleys and further north attains 
a height of 5,070 feet midway between Poila and Kyawktap is 
also entirely composed of Plateau Limestone. 

Continuing to the south in sheets 93 D/10 and 14 the Thamakan 
range is only about two miles across where it is traversed by the 
railway, but from Thamakan southwards it rapidly increases in width, 
and with the exception of strips of Jurassic rocks faulted and folded 
down into it occupies most of the area of these sheets in the far 
south. 

Further east it covers practically the whole of the sheet 93 H/1 
east of the longitude of Taunggyi with the exception of two small 
inliers of lower Palseozoics, one behind the Taunggyi Crag and the 
other at Hopong, and a small outlier of the Coal Measures in the 
extreme north-tasten corner of the area. 

No useful purpose would be served by describing detailed 
exposures of these rocks and only a few of the more important 

^ occurrences can be mentioned. The older 
The lower breccUtcd ^ • i j i 

dolomites. section is often buned under thick accumu- 

lations of residual deposits and is then only 
to be seen where the rare streams have carved their way through 
them. 

The rooky eastern slopes of the Thamakan range overlooking 
the Heho plain give an excellent impression of one type of country 
to which the lower limestones give rise and the difference between 
that type and the one formed by the older rooks, east of the Heho 
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valley, is apparent from places on the main Kalaw-Taunggyi road, 
where both can be seen. 

The rocky heights behind Poila and the cliffs which contain the 
sacred oaves of Pindaya are also excellent examples of their kind, 
though the latter belong to the younger group. 

The broken brecciated variety is well displayed in the waysid(‘ 
quarry at mile 4 between Kalaw and Aungban (for it is extiMisively 
used as a road dressing), one mile south of Kyong on the Aungban- 
Pindaya road, at the head of the ascent to Taunggyi from the 
Yawnghwe valley and near the ‘ View Point \ a favourite resort 
of visitors to the Shan Federal capital, Taunggyi itself ; the great 
limestone cliff which overshadows the civil station is built of the older 
rock. 

Even from the railway carriage as the train slowly climbs up the 
escarpment from Heho abundant exposures of the lower Plateau 
Limestones may be observed by the interested traveller. White 
dolomites crop out at the bottom of the ascent, near mile 388*5, 
1111(1 there are ])]('uty of exposures about mile 387. Grey, brecciated 
dolomites arc se(‘u in the valley of the stream flowing to the south- 
east around whicli the line cii-cuits near this point. The rounded 
slopes of hill 4,5(>8 display a few low cliffs of grey and stained yellow- 
ish brown rock, while dolomites are quarried for ballast near the 
summit. On the descent the country is rougher and rockier until 
tlui late Teitiary deposits of the Tharaakan plain are reached about 
mile 384-5. Unusual varieties of the limestone occur in the vicinity 
of Lwe-kaw (20°4:V : 96°44'). About one mile from it to the south, 
limestone conglomerates are interbedded with ordinary brecciated 
dolomites and with a red, ferruginous, platy limestone. In the 
railway cuttings the prevailing dip is low to the west, on the Thama- 
kan side of Lwe-kaw, but steeper and in the same direction half a 
mile or so to the cast on the other side. Here calcareous shales, 
slabby dark coloured limestones and yellowish-brown shales are 
interbedded with the dolomites. Lithologically, these are identical 
with certain types of the Permo-Carboniferous limestones but no 
fossils have been found in them. The red rocks to the east of 
Lwe-kaw are believed to be local modifications of the Plateau Lime- 
stone and not members of an older group ad was previously believed. 

The eastern boundary of the Plateau Limestones of the Thalnakan 
range — a boundary where it is seen in contact with Silurian rooks, 
trikes N. N. W.— S. S. E. across the high country at the southern 
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end of the Heho plain, behind the peaks 4,937, 6,416 (Mebya Taung) 
and 4,868. Here as elsewhere the boundary rock belongs to the 
upper division and is very fossiliferous. Its dip is to the W. S. W. 
at 30°-40° and it thus appears to dip under the older brecciated lime- 
stone. 

In sheet H/1 to the east, the country is more dissected and 
stands at a higher general level and contains an unusually high 
number of enclosed valleys, disappearing streams and sink-holes. 
About the longitude of Taunggyi the beds show an easterly dip, 
but further east the dips are in tlie opposite direction. 

Localities in which fossiliferous Plateau Limestones occur are 
more frequent in the Southern Shan States than in the Northern 
The fossiliferous where indeed they are rare, but La 

Upper Plateau Lime- Touche’s opinion that when the Southern Shan 
*^**"®** States came to be geologically surveyed, it 

would be possible to map the fossiliferous limestones as a separate 
formation, is still not fulfilled. The cojiditions at Lwe-kaw just 
described furnish one example of the difficulty facing any such 
attempt and after a considerable experience of the limestones of the 
Southern States, extending indeed far beyond the area under dis- 
cussion, we have reluctantly to conclude that any such subdivision 
is at present impossible, for those very reasons which La Touche 
enumerates in the Northern States. 

At the same time there can be no question that the upper fossili- 
ferous limestones tend to occur near the ‘ islands ’ of older rocks. 
They are also often found as isolated hills and knolls which appear 
to us to be more of the nature of true inliers rather than patches of 
younger rocks lying as outliers on the older, brecciated material. 

These occurrences, particularly in cases where the fossiliferous 
‘ upper ’ varieties appear at first sight to dip below the lower ones, 
have raised doubts in our minds as to whether the orthodox division 
into the two sections which we have followed consistently in this 
report is universally true, or to put the matter into other words 
wheHier it is correct to assume a Devonian age for the brecciated 
limestones over the hundreds of square miles which they cover, on the 
strength of two small isolated occurrences of Devonian faunas in the 
Northern States. La Touche himself found limestones with Fusu- 
Una dongata passing laterally and vertically into crystalline lime- 
stones indistinguishable from the usual type.^ 


^ La Tonohe^ he. p. 256. 
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In another place he described Plateau Limestone as appearing 
to dip conformably below the red Jurassic sandstonesJ Shales 
containing Estheria somewhat resembling E, mangiliensis, from the 
Panchet Beds (Lower Trias) of the Indian Gondwanas are inter- 
bedded with Plateau Limestone near Kyaukme in Hsipaw State.^ 
A new fauna discovered in 1931 by Dr. M. R. Sahni at Na Hkam in 
North Hsenwi, consisting largely of ammonites and gastropods 
from argillaceous limestones and shale, interbedded with the ‘ older * 
dolomites, while including various upper Productus Limestone forms, 
contains, in addition, genera which have hitherto been recorded 
only from the Otoceras Beds (Lower Trias). 

Tlie possibility therefore that some of the so-called older brecciat- 
(‘d dolomites are of Permo-Carboniferous or even of Lower Mesozoic- 
age — and in the latter case later in time than the ones which have 
hitherto been described as ‘ younger ’ — is suggested. In this con- 
nection the recent descriptions of Upper Triassic fossils from the 
Taungyin limestones on the Burma-Siam frontier of Amherst district 
by Prof. J. W. Gregory is of more than passing interest.^ 

Amongst the more important fossil bearing localities are the 
following : — 

(a) About one mile S. S. W. of Pindaya. 

(b) Two miles north-east of Kyauk-su. 

(c) One and a half miles south-east of Aleehaiing (21 O': 9(i''33'). 

{d) Just to the south of Pon village, on the isolated, spindle- 

shaped outlier which exists in this neighbourhood. 

(e) On the small hill, two miles W. N. W. of Pan-kan. 

(/) Just north-west of Nyaungkaya (20' 54'; 9G'"44'). 

(g) Peak 4,540 feet, near Ohmin-bauk (20 ;i8': 4()'3(>") and further 

north-west. 

(h) Peak 5,010 h t^t, four miles north of Hopong. 

Outcrops a, c and d have the characters of coral reefs and often 
contain great masses of reef-building organisms. Fu^ulina limestones 
occur near Pindaya and at (e) and (g). Bracliiopods are common at 
(e) while (/) has yielded Clysiophyllid corals and the first specimens of 
Lyttonia sp. from the Indian Empire, outside the Salt Range. 


^ La Touche, loc. cU„ p. 267. 

• La Touche, tWd., p. 256. 

• J. W. Gregory, ‘ Upper Triassic Fossils from the Burmo-Siamese Frontier’, Bec^ 
Qeol 8urv. Ind., LXIII, pp. 166-166. (1030). 
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At {h) concretioimry, tabular fossiliferous limestone intercalated 
with partings of shale and dipping W. N. W. at 10® to 16® forms the 
crest of the hill-mass culminating in the twin peaks 4,475 and 
6,010 feet, placed like a cake on top of sheared limestones and shales 
of Upper Ordovician ago dipping to the east at almost 70®. 
The older dolomitffi^^limestone was either completely removed by 
denudation before th^e Permo-Carboniferous limestones were de- 
posited, or perhaps they were never deposited here. The assemblage 
is unusually rich, containing several Permo-Carboniferous forms of 
brachiopods and bryozoa, but the nature of the limestone renders 
them difficult of extraction even on roasting. A remarkable feature 
of the fauna is the discovery of a unique portion of an ammonite ? in it. 

Large collections have been made from these and other localities 
which will certainly extend considerably our knowledge of these 
faunas and may indeed prove that other horizons than the one 
corresponding to the Middle Productus Limestone of the Salt Range 
exist in this region.^ 

THE LOWER PALAEOZOIC SUCCESSION OF THE PINDAYA 

INLIER. 

The Wabya Qraptolite Bed. 

On the southern and western rims of the Pindaya inlier and 
between the Ordovician rocks and the unconformable Permo-Carbon- 
iferous limestones above, there occurs a band of black carbonaceous 
shale and slates containing a rich graptolite fauna. It was first 
found by Sondhi on the steep hillside half a mile east of Ngot-to- 
yagyi (20®54': 96®;^b') village and the outcrop continues to the top of 
the hill. A good section is also exposed on the footpath along the 
stream-bed just north-east of the village. From this point it has been 
traced about two miles north in a continuous band of varying width. 
Further north still, towards the edge of the sheet, it is probably 
represented by certain crushed and splintery slates. To the south 
the band can be traced continuously along the junction of the 
Pindaya beds as far as Wabya Taung (20®63': 96®38'), the average 
width of the exposure being about one furlong, but further east and 
along the south-eastern limits of the Pindaya anticline it has not been 
found and is perhaps overlapped by the Permo-Carboniferous, 

*The Anthraoolithio Fossils of the Northern Bhan States*, "Tah Ind, 
N. S., Vol. m, Mem. No. 4, (1911). 
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Wabya Taung itself is composed of light-coloured, soft shales, 
overlying the black ones which in turn rest upon yellow mudstones 
of Ordovician age. The former too are richly fossiliferous and 
although some of the graptolites are common to both groups, a pre- 
liminary examination leads to the conclusion that the Wabya fauna 
is the younger of the two, as indeed its stratigraphical position 
seems to indicate. 

Associated with the graptolite shales is a band of light qiiartzitic 
sandstone sometimes weathering to fine sand. First seen to the 
south and west of Wabya Taung (6,41-^ feet), it persists, with the 
exception of a few gaps, to the northern edge of the sheet. Generally 
of a white colour, it is often iron-stained, and east of Ale-chaung 
is capped with boulders of laterite. 

The following graptolites have been deter- 
mined by Miss Elies in specimens from Ngot to- 


Age of Wabya bedB. 


yagyi 

* Mmograptus oyphus, Lapw. 

„ inoommodus, Tqt. 

,, sandersoni, Lapw. 

* Orthograptus vesiculosus, Nich. 

* Climacograptus niedius^ Tqt. 

* „ prectangviaris, His. 

Olyptograptus tamariscus^ Nich., var. iveertus (large form or new 
species). 

Mesograptus rmgnus ?? (uncertain). 

The species which we have marked with an asterisk are known 
to occur in the Pangsha-pye graptolit<‘ 1 ed of the Northern States. 
The present assemblage like it therefore is attributed to the Mono- 
graptus cyphua zone of the Low er Valentian. It remains to add that 
Orthograptus is the most prolific genus locally, that CUmacograptus 
is quite common, while Monograptus is comparatively scarce. 
Species belonging to the higher zon(‘ of Monograptus sedgwicki 
found by us at Panghkawkwo, near Loilem, have not yet been recog- 
nised in the Kalaw-Taunggyi region. 


The Pindaya Beds. 

The Pindaya beds build the central and greater portion of the 
high range which is the watershed between the Zawgyi chaung 
and the Panlaung river ; commencing in the high oonntry to the 
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west of Poila, at an elevation of about 4,600 feet and striking due 
north, the range attains a maximum height of 6,474 feet above sea- 
level in Men4-taung, before it leaves the northern edge of sheet 
98 D/9. 

After crossing the steep frontal scarp of Permo-Carboniferous 
limestone which overlooks the Pindaya plain on the west, the 
calcareous shales, mudstones and argillaceous limestone bands which 
make up the Pindaya Beds are encountered. A typical series of 
exposures occurs on the track between Pindaya and Myinkyado. 
Near Twet-ni (20''56': 96°39') purple shales and light coloured cal- 
careous shales crop out. Beyond them as far as the top of the range 
limestones predominate. The commonest variety is a massive, 
bluish grey, calcite-veined rock, generally bearing patches and seams 
of argillaceous material and often containing greatly contorted 
marly bands usually of bluish shades, more rarely pink and purple. 

These rocks form the characteristic light brown soils of the 
higher parts of the range and have given rise to the intricate system 
of small cauldron valleys which scar its surface everywhere. Below 
the crest on the eastern flank the dip is E. S. E. at about 65°, but 
beyond it the direction changes and south-west or W. S. W. dips occur 
on the descent. The top of the range is thus the apex of an anti- 
clinal fold, though this is itself corrugated by markedly acute minor 
structures. 

In the southern parts of the range about Poila and Ye-o-sin, 
shaly horizons are commoner than they are further north. 

The eastern boundary of the Pindaya Beds enters sheet 93 D/9, 
near Nyaung-le-bin (21 °0': 96°40') and strikes approximately south for 
eight miles to the vicinity of Ye-o-sin (20'^63': 9o°40'). Here it turns 
to the south-west and west and following the dry valleys north of Shan- 
ywa and Kyo-kyet crosses the southern spurs of Wabya Taung (6,419 
feet) where it swings round to the north-west. Continuing in this 
direction for six miles it passes between Taungmyingyi (6,151 feet) 
and peak 6,625 feet on the west of it and then turns north, to follow an 
irregular line for four miles to the edge of the sheet near Ale-chaung. 
The greatest breadth of the exposiure is in the north where it is about 
six miles from east to west. 

Rhyolites are interbedded with the limestones and shales, at a 
point six qiUes north of Ngot-to-yagyi and also to the 8* S. 
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of Meni-tsuug, 6,474 feet. They are very light coloured rocks 
Interbedded volcanic reddish-brown and orange spots, produced 

rocki of the PIndaya by the decomposition of pyrite, and hexagonal 
outlines of small quartz crystals. Always 
very decomposed they only occasionally exhibit a banded flow 
structure. 

Badly preserved and unidentifiable fossils are sometimes visible 
on the weathered surfaces of the Pindaya limestones, particularly 
The Naungkangyl pagoda-crowned hill just east of 

(Ordovician) Fauna of Ngot-to-yagyi (20^ 54' : 9C ' 30' 30"), but the only 
the Pindaya Beds. locality which has yielded specimens worth 

collecting lies on the ridge half to one mile west of Ye-o-sin. From a 
collection made here Dr. Cowper Reed has identified the following 
fauna^ : — 

Orthis cf. irravadicay Reed. 

„ {NiooleUa ?) praetor, Reed. 

„ (Dinorihis f) sp. 

„ (Olyptorihis) cf. lamellosa, Twenh. 

Ptychoglyptus shanensis, sp. nov. 

YeosineUa cormgnata, gen. et sp. nov. 

Leptelloidea yeosinensis, sp. nov. 

Sowerbydla ? aff. youngiam (Dav.). 

„ ? cf. ledetensis (Reed), 

Christiania cf. tenuidneta, McCoy. 

Petroria cf. rugosa, Wilson. 

CamareUa sp. 

Protocrisina cf. ulrichi, Bassler. 

Rhinidictya cf. nitidula (Billings). 

„ cf. mutabUia, Ulrich, 

Pachydictya sp. 

PtUodidya sp. 

Favositfia t sp. 

Batostoma sp. 

Caryocrinua cf. twbo, Bather. 

„ sp. a, 

i» Bp* ^* 

Grinoid stem joints. 

^ F. E. Oowper Eeed, * Notea on aome Lower PalsBoaoio Foeaila from the Southern 
Bhan SUtea*, Bee. OeoL 8urv. Ind., LXTl, p. 191, 0^33). 


O 
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lUaenus Rp, 

Primitia sp. 

Dictyonema ? sp* 

From the aflSnities of the new species in this list and of those which 
are comparable or identical with established species from definite 
horizons elsewhere, Dr. Cowper Reed concludes that this fauna is of 
Upper Ordovician age. This is also strongly suggested by the 
position of the Pindaya beds of Ye-o-sin, which appear to pass into 
the overlying Ngot-to-yagyi beds of Lower Silurian age without any 
stratigraphic break of consequence. At the same time, as 
Dr. Cowper Reed remarks, the Ye-o-sin fauna is different from that 
of Bawzaing and contains very few species which can be identified with 
those from the Lower or Upper Naungkangyi or the Hwe-Mawng 
beds of the Northern States or the Ordovician of Yiinnan. 

A small isolated occurrence of the Pindaya beds forms a low 
hill lying between a narrow lake in the Pindaya plain and th< niairi 
Outliers of the Pin- Pindaya-Lawksawk road, one mile north of 
daya beds near Kyauk- Kyauk-su (20° 68' : f 6° dl'rO^). Here sheared and 
8u and Hopong. contorted calcareous shales dip south-west at 

from 46° to 60°, being replaced higher up by well-laminated blue 
shales dipping south-east at 62°. On the top are interbedded, light 
browni limestone bands while, on the north-western slope, chocolate 
and yellow mudstones dip north-west at 36°. 

Another inlier of the Pindaya beds crops out at the head of the 
Hopong valley. The motor road from Taunggyi just touches 
its southern spurs before it is lost under the alluvium. Here too it 
is composed of the usual highly sheared limestone and purple and 
orange mudstone. The outcrop continues to the north for about 
four miles where it is split in two and is finally overlapped by Permo- 
Carboniferous limestone. 


THE LOWER PALAEOZOIC SUCCESSION OF THE MAWSON- 

MAWNANQ REGION. 

The Kyawktap Qraptolite Bed, 

Near the junction of the Permo-Carboniferous limestones and the 
Orthoceras Beds just to the east of Kyawktap, Sondhi found 
bleached shales contaming Moncgraptus fifnbrigtus, Nfch. This 
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according to Wish EIIob, who made the determination, is a Valent ian 

form. 

The exposure is a small one and quite liable to be missed. It 
is on the footpath leading down the eastern slope of the hill on which 
the Kyawktap pagoda — a prominent local landmark is built. 

Two small hills of little elevation rise from the alluvium of the 
northern end of the Heho plain south of TaungBat (20° 48' : 46 ). 

Th* umi nrmn Bouthemmost of these there are poor ex- 

toUfe bedf and its pro- posures of white and buff papery shales iiom 
bable conflnuaflon. specimens of Orthcgrapius sp. were 

obtained, but they do not occur in any abundance. This occurrence 
is four miles to the south of the one just described, as the crow flies. 

The section to the east of the hUl is obscured by alluvium but a 
little further on, at mile 7-2 from Heho, at the foot of the eastern 
boundary ridge of the valley, the underlying rocks - are exposed as 
yellow purple and bleached buff mudstones containing broken cyst- 
idean plates and other fragmentary fossil remains. They have a 
high dip to the west and are underlaid in their turn, further up the 
slope, by slabby limestones containing Orthoceras sp., and sections 
of large, flat, coiled gastropods. These give place to more massive 
limestones of the Mawson series described below. We correlate 
tentatively the Kyawktap and the Taung Bat graptolite-bcarini? 
horizons as Valentian. 

The Qraptolite Beds of Mebyataung. 

Mebyataung, 6,416 feet (20° 36' : 96° 47' CO"), is a picminent 
landmark rising steeply from the alluvium of the southern end of 
the Heho plain. In this region the Thamakan and Heho ranges meet 
and the Plateau Limestones of the former overlap on to the older 
Palseozoic rocks of the latter. Excellent sections of the strata near 
the contact are exposed along the footpath which leads south from 
the plain, passing Paw-lamaw and Wagyi-myaung to Taungbo-hla 
and Ngot (20° 33' : 96° 47' 30"). 

The fossiliferous Plateau Limestone overlies unconformably 
various horizons of the lower rock groups, although both dip in the 
same direction. Thus, to the east of Nat- 
the ^PUteau Lknestone daw, a soft sandstone underlies the limestone ; 
with the older icrlcs. north-east of Taungbo-hla, pink to brown pha- 
coidal limestone forms the underlying bed ; in the defile east of 
Ngot, an olive, platy, phacoidal limestone is exposed ; south-east 

G 2 
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of Taong-ni (20® 34' : 96®49') where the dips in both series are due south, 
Sondhi discovered a mauve mudstone containing Tentaculites elegans^ 
Barr., and indeterminable graptolites, similar to the one occurring 
at another Taungni (south of Pon), except that in the latter no 
graptolites were found. 

Associated with Tentaculites eleganSy Barr., in the Taungm locality 
are, according to Dr. Cowper Reed, the following forms : — 

Styliolina clavulus, Barr. 

Eutomis cf. phalanga, Kegel. 


These occurrences lead to the assumption that the Zebingyi beds 
are represented here. 

The best section of the Silurian and Ordovician rocks was found 

along the footpath between Paw-lamaw and Taungbo-hla. Here, 

commencing from the top of the series, pinkish- 
The grtptoUte beds. , i ® ‘j i v x • x x 

brown phacoidal limestones arc prominent at 

the top of the hill. The phacoidal limestone ends at the foot of the 

hill where it overlies a slightly sandy and micaceous, unfossiliferous 

mudstone. Below this again is a bleached shale containing faint 

graptolite remains (Bed C). 

It is followed by alternations of thin bands of shales and mud" 
stones, in which no fossils were found, for about three furlongs from 
the boundary of the Plateau Limestone, where the second graptolite 
bed (Bed B) occurs. It is composed of pale bleached shales in 
which the graptolites occur in greater profusion and in better pre- 
servation than in the case of Bed C. 


Some 40 feet below Bed B, the intervening ground being covered, 
there occurs the lowest graptolite horizon Bed A, the species of which 
recall those found at Ngot-to-yagyi and Wabya Taung. In the whole 
of the section in which the three graptoUte beds occur there are only 
two thin beds of limestone. 


The dip of Bed C is south-west at 36®. Along the strike this 
bed continues past Mebya Taung, its outcrop being easily discernible 
from the light soil to which it gives rise. 

The graptolite shales are underlain by a brownish phacoidal 
limestone of small thickness while below this come various t 5 rpe 8 of 
limestofie of the Mawson group, which we regard as of Upper Ordo- 
vician age. ■ The uppermost limestone bands contain sections of 
fossils which cannot be extracted. 
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In the following table the varions graptobte species from the 
three horizons, as determined by Miss Elies, are given. In her 
opinion Bed A is the lowest and Bed B the highest of the group - 


Bed A. 

BedB. 

Boda 

Mouograptua gemmatus, Barr. . 

Monograptua concinnas, Lapw. . 

Monograptua jaculum, . 

Monograptua grtgariua Lapw. 
Climacograptua idmguiati, Biles 
and Wood. 

Monograptua aedgwicki, 
PorU. 

Monograptua ienuia, 

Poi^. 

Climacograptua acaiaria. 
His. 

Monograjdua ienttM,Portl. 

Monograptua millepida, 
McCoy. 

Climacograptua tomquiati, 
Elies and Wood. 
Climacograptua acaiaria. 


The Orthoceras Beds. 

The Orthoceras Beds form the greater part of the western limb 
of the broad Mawsbn anticline. They are generally hard, flaggy, 
brightly coloured, red, pink or purplish argillaceous limestones and 
calcareous shales with a highly developed phacoidal structure, 
which on weathering causes them to develop a characteristic pattern 
recalling that of crocodile hide. They usually contain large crinoid 
stems and numerous specimens of Orthocer acorns. 

They enter the northern part of the sheet D/13 near Gwe-kot 
(21 ""O' : 96'' 46') and sweep in a curved band, about two miles broad, 
to the south between the Gwebin-Thit-e-bin plain on the west and 
the Mawsbn highlands on the oast for some six miles. Here they curve 
around and e(^e the The-gon-Kyawktap valley on the east again 
striking south, t hinning in width of outcrop and Anally disappear- 
ing below the Sub-Kecent deposits of the Heho plain. At the 
northern end of the sheet a band of these rocks averaging about a 
mile in width, borders the northern end of the Gwe-bin plain for about 
three miles. 

Between Hgnet-thauk (20'’6b' : 9G"'42') and Ye-u the junction 
between these beds and the Plateau Limestones is crossed, and under 
the latter lie pale blue shales and hard buff mudstones interbedded 
with thin bands of crocodile-hide patterned pinkish-brown limestone 
containing Orthooeraoones. The dips are to the W. N. W. near the 
junction, but soon change to the E* S. £• or south-east at about 
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50® ; aear Ye-u however, the dip is westerly agaia, ia pinkish white, 
sheared limestones. 

Crossing from the westerly dipping Plateau Limestone in the 
Kyiikvi villey t^varJi M/m kg<\w ;'2()^57^3^*' : 9G^42'30'^) sections are 
poor, but shales and mudstones are again found with interbedded 
limestones of the norm nl type. Highly inclined dips to the north- 
wesb exist here but resume a sjjth-eusberly direction further east. 

The most typical examples of the Orthooeras Beds are found 
in the valley to the east of Paw-myin (20°5S' : 93®r)') and again, on 
the flanks of peak 4,61S, to the northeast of Nyaung-kaya. In the 
former locality they contain bands of sandy, yellow mudstones with 
badly preserved fossils recalling those of the Naungkangyis. Like 
thi phacoidal limestones the calcareous shales also contain bent 
and fractured specimens of generally indeterminate Orthoy^racones, 
the only genus so far recognised being Actinoceras sp. 

Age of the Orthoceras Beds, 

The extended time range of Or!h)}era^ and its cosmopolitan 
character are of no assistance in identifying the exact age of thase 
bel^, but if we are correct in assuming a Lover Silurian ago for the 
graptolite beds of Kyawkbap and Taung-bat it appears possible that 
the Orthoceras Beds belong to that age. 

Lithologically they have much in common with the Nyaungbaw 
iimsstones of the outer platform of the Northern Shan plateau and 

iflPoMlWe correUtlon ^® extremely 

With ths Nyautisbaw restricted distribution, for although we have 
limsstonas. traversed the Southern Shan States east of 

Tdunggyi into Kengtung and the Salween valley, we have found no 
other rook group which closely rasembles them. On the other hand 
the Orthooeras Beds as far as we know do not contain Gamarocrinus 
asiaticus which is characteristic of the Nyaungbaw limestone and 
has been found by Ooggin Brown further east still in Yilnnan. 
The attribution of an Ordovician age to this species in Burma has 
caused some controversy as it belongs to much higher horizons in 
Bohemia and America, but the discovery of Ordovician braohiopoda 
and bryozoa in outlying patches of beds associated with the Nyaung- 
baw limeatones in the hills north of Maymyo, seems to have silenced 
the oritioism'. Limestones, resembling the Nyaungbaws very closely, 
occur in the Hwe-Mawng beds of the eastern ranges of the Northern 
States, indeed, in south Hsenwi, identical rocks are found at the top 
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of the Hwe-Mawngs which are themselves of Upper Naungkangyi 
age. Finally the limited fauna of the Mawson beds, as we s^ll 
show later, indicates an Upper Naungkangyi correlation and again, 
if we are correct in assuming that the Orthoceras Beds overlie 
them^ it follows that they cannot be any older and they may be 
Silurian. This view is advanced with much diffidence, for the 
structure of this particular area is by no means clear and demands 
more detailed mapping than is possible on the only available one inch 
to one mile map, while comparisons on lithological grounds we know 
from experience are of little value. 

It may be recalled here for the benefit of the reader imfamiliar 
with Shan geology that the affinities of the Upper Naungkangyis are 
with Stage C of Schmidt’s classification of the Ordovician rocks of the 
Baltic Republics and that no representatives of the higher Ordovician 
— ^the Ashgillian types — have as yet been proved to occur. 


The Mawson Series. 

The Mawson series forms the eastern part of the Mawson high- 
lands and although the character of the country does not permit 
the mapping of an exact boundary line between this scries and the 
Orthoceras Beds, various differences exist which make it necessary 
to attempt their separation. The phacoidal limestones and cal- 
careous shales overlying the mudstones and sandy shales of the 
latter group give rise to their own indefinite type of topography 
very different from that of the east, where thick limestone horizons 
separated by a few strongly developed beds of sediments persist 
across country in a fashion that the others do not follow. Eastern 
Mawson is a region of great limestone escarpments and big valleys 
of enclosed drainage, and it is from such differences — the only 
possible method under the circumstances — that the placing of a sketchy 
boundary line has been attempted. 

Approaching Mawson itself by the footpath across the detour 
made by the motor road from Heho : 96^^49') the shaly bands 

of the Orthoceras Beds further west become 
thicker, more prominent and lose their red colour, 
though they still contain much argillaceous 
material. At the crest of the last ascent there are a few exposures 
of the western type, but distinctly approaching the lithological 
character of the new varieties found further east. The nearest 
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liiliB contain these ; their slopes are rooky and there k only a patchy 
covering of thin red soil upon them for they aie too stony and 
barren for general cultivation. Hereabouts the country b^omee 
almost entirely calcareous with the exception of the zones occupied 
by subordinate sedimentary bands. Instead of the worn grassy 
or cultivated gently slopes of the west, we no^ find massive limestone 
scarps with rough screes below them and all the other features of 
typical karst landscapes. East of Mawson, where the higher 
elevations of this limestone area exist and culminate in the peak 
6,473 on the borders of Lav?ksawk State, the country is exceedingly 
rough and difficult to traverse. Once the few existing footpaths 
which usually coincide with the crests of the ridges are left, the 
traveller is compelled to climb steep scarps and descend into preci- 
pitous sink-holes in monotonous succession, his progress impeded 
and observations made difficult by thick growths of giant grasses 
in the sheltered situations. 

A common type of limestone is a homogeneous, light bluish grey 
or brown, compact, finely crystalline rock. Within the leased area 
of the Bawzaing Mines (20°67' ; 96°48') there are 
three sedimentary bands running approximate- 
ly from north to south and dipping in an 
They pass insensibly into the limestones above 
and below them while in the valleys and on the lower slopes their 
outcrops are usually masked by scree or residual deposits. In most 
cases their presence is only indicated by small fragments of brown 
sandy shale or reddish sandstone, the altered surface representatives 
of the harder, more massive rocks below. 

In connection with a study of the lead-ore deposits of Bawzaing 
the rocks hereabouts were closely examined and examples of the 

The sandy sediments transition of limestone into sediment 

pass Imperceptibly into observed. Approaching the latter the lime- 
limestones. stone bands become thinner and the bluish grey 

rock develops tiny grains of a brown impurity, still in a semi-crystall- 
ine, bluish matrix. These then segregate into patches and irregular 
vemlets, while secondary calcite makes its appearance in films and 
veixilets. The brown impurities collect together more and more, 
and then form irregular, contorted or wavy layers in the bedding 
pkitea, sometimes ending in a lenticular fashion, but often traceable 
for ffpmiei distances. Simuhaaeously the mosaic of the ground- 
BUM parts with its crystalline character and becomes dull, poreell- 


The ledimentary 
bands of Bawzaing. 

easterly direction. 
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anous or earthy. Ferruginous layers, reddish purple, red and reddish 
brown appear, and eventually, dirty, yellowish brown marls with 
bluer, more calcareous patches develop, alternating with fine-grained, 
calcareous sandstones, silt and mudstones — representatives of the 
sedimentary horizons. The only fossil actually obtained from the 
limestone at Bawzaing itself is a large specimen of Cyfaclinoceras sp. 

It is not uncommon in the Shan States to find soft marls and 
sandy mudstones as the weathered ])roducts in situ of limestones, 
which in their fresh condition show little evidence of the large amount 
of earthy matter they really contain. At Bawzaing the irregularly 
banded bluish, argillaceous limestones can be traced passing directly 
into yellowish-brown marls. Cuttings through the limestones also 
expose thin interbedded layers of ochreous shale. The weathered 
rocks show a well developed cleavage, typically crossing the easterly 
dip at about 70°, which is not visible on the unaltered rock. 

The Mawson series in the latitude of Mawscin itself is exposed 
over a breadth of seven miles and similar or closely related rocks are 
believed to continue to the south forming the range which separates 
the Heho valley from the Inle one in sheets 93 i)/13 and 14. In 
this direction it narrows, being some 4^ miles across at Hethintaung, 
5,133 feet, its highest point in this portion. At Heho where it is 
crossed by both the main road and the railway it is only two miles 
broad. 

North of Hethintaung (20° 47' : 96°r,0') its surface is everywhere 
marked by cauldron valleys and disappearing stream beds, but further 
south most of the drainage appears to find its 
tawTg^****^** Hcthin- other of the valleys on either 

side. This is partially a result of its com- 
pressed width in this direction, but probably mainly to be accounted 
for by the greater predominance of impervious shaly layers to the 
south. Thus, in the ascent of Hethintaung from Kya-hon-daung 
(20°46' : while typical limestones occur in the isolated 4,178 

hill surrounded by alluvium to the west of the village, practically no 
limestone is seen on the main ridge as far as the top of the mountain. 

The rocks of the railway cuttings over the Heho ridge show 
various attematiions of limestones, mudstones and slaty shales. 

Middlemiss noticed how the Umestone differed 
T Wkan limestone, which we now 
know to belong to the Plateau group. 
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* It is rathsr darker he wrote, * than the Thamakan limestone, of a blne- 
gre^ tint within, but weathering greenish grey to a oonsiderable depth. It is as a 
whole rather inolined to be well bedded, as can be seen in the road sections, is some- 
times semi-ooncretionary and but very seldom breooiated to any extent. It is inter- 
banded with pale shaly and marly layers. A notioeablo feature in the limestone 
is that it possesses thin intcrbandings of ferruginous layers J inch wide which stand 
out from the greenish grey limestone in marked ragged relief. In some oases as 
near Heho these ferruginous layers may be seen to consist of compacted shelly layers. 
There is just enough evidence to show that some form of mollusoan life had ^ere 
been present, but no more. None of the sheila could be isolated or identified even 
genetically.’ 

After mucli search we have found a thin fossiliferous band of 
sandy shale near bridge 378 — a band which is much sandier than 
the light coloured calcareous shales dipping east 

thrrsUwsy^wctton^^ around it. About mile 396-16 on the 

railway line a single cystid plate was collected 
from soft mudstones, resembling a Naungkangyi variety very strong- 
ly, while the slaty limestones which lie between them and the 
disturbed slates of the cutting near Nam-noi viaduct, appear to be 
entirely unfossiliferous. Sections of Orthoceracones have, however, 
been found in other limestone bands nearer Heho, but they are of 
very rare occurrence. 

In the sections between Nam-noi and the alluvium of th(‘. lule 
plain, after leaving the slates exposed near the viaduct, there are 
many repetitions of the impure argillaceous limestones of the Baw- 
zaing types, bluish-grey rocks with patches and filnxs of brown 
and red colours. Their general dip is towards the east but near 
mile 398-2 there is another zone of intense disturbance with much 
shattering, shearing, folding and crumpling together with the impreg- 
nation of thin quartz and calcite veinlets. Beyond this zone the 
limestones again assiuue their eastern dip. 


Age of the Mawson series. 

From a sandy silt-stone exposed in a cutting on the Bawzaing- 
Baw-lon (20®54' : 96°48') road, near Twin-su, one mile south of 
PMftiis from Baw- Bawzaing, fossils were obtained which were 
zataf. identified by Dr. Oowper Reed as follows 

Orthis {Dahnandla) emmeipata, sp. nov. 

Lophosjnra ct aliermns, Eoken. 

of. elevata, Ulr. and Scof. 
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IfesucriUa of. infundibulum, Koken. 

Hdicotoma of. tamurai, Kob. 

„ of. planulcUoides, Ulr. 

Liospira ? sp. 

Cyrtolites of. nodosus, Salt. 

Hyolithes sp. 

Orthoceras {Spyroceras) sp. 

„ {Oycloceras ?) sp. 

^9y9il^9 of. yunnanensis, Reed, 

Ohnoid stems. 

From a sedimentary band at the top of Siderite Hill, the southern- 
most of the two peaks which overlook the enclosed Bawzaing valley 
on the west, come the following : — 

Ofihis {Dahnanella) emancipata, sp. nov. 
praetor^ Reed. 

„ of. veBperiilio, Low. 

Pliomera sp. 

Detailed descriptions of most of these fossils with notes on their 
cil&nities have been published recently by Dr. Oowper Reed.^ They 
indicate a new type of the Shan Ordovician fauna, most of the 
species having been previously undiscovered. On the whole they 
suggest an Upper Ordovician age. 

From half a furlong west of bridge 378 between Heho and Nam-noi 
on the railway. Dr. Cowper Reed has identified the foUowing forms : — 

Orihis {Dalmanella) mansuyi, Reed. 
hehoansis, sp. nov. 

Proetu8 sp. 

Cyphaapia of. oonvexa, Corda. 

Bathyurua ahanenaia, sp. nov. 

Phaoopa {Dalmanitea) sp. 

Orthia manauyi is a form allied to the common European Orthia 
elegarUiUa and has already been described from the Pangsha-pyd 
beds. Cyphaapia convexa has been found in Tonkin in Silurian beds 
associated with Phaoopa longioaudatus var. orienUUia. The latter 
occurs in the Upper Namshim stage of the Northern States, The 
nearest earlier occurrence of Bathyurua to the present one is from the 


^ £ao. Qwl aurv. Ind^ LXVI, pp. ISMQO* (lOSS). 



226 


Itecards cf the Geological Survey of India. [ Vol. 


Lower Ordovician, Pupias beds of Yiinnan where Bathyurus mansuyi, 
Reed, was collected by one of us some years ago. 

Dr. Cowper Reed regards these Heho beds as Silurian. On 
stratigraphical grounds we are inclined to place them in the Upper 
Ordovician. The question is likely to remain debatable until a more 
extensive fauna has been found in them. 

LOWER PALAEOZOIC SUCCESSION OF THE PON-TAUNQQYI 

REGION. 

At its northern end the Yawnghwe plain is separated from the 
Kun-lon plain by a narrow strip of elevated ground which runs 
from the foot of the Mawson highlands near Sinchaung (20°63' : 96® 
Sl'SC") east through Pon (20°64' : 96®66') where it joins a short ridge. 
This reaches a height of 3,945 feet and continues south for three 
miles before it terminates near Sale (20^47' : 96®58') against the 
high-level terrace of the eastern border of the Yawnghwe plain. 
Between the end of this short ridge and the terrace is the narrow 
gap made by the Pangwe chaung (on its way south to join the 
waters of Inle Lake), which has been dammed near Konleau 
(20° 48' : 96°69') and forms the irrigation reservoir known as the 
White Crow Lake. 

The narrow strip of elevated ground first mentioned is breached 
by the Namlap in a deep narrow^ valley, to the west of which lie 
old elevated lake deposits pierced by three islands of rocks belong- 
ing to the Mawson series wMe to the east are situated other older 
Palseozoic rocks to be described. They too bear in places remnants 
of old lacustrine deposits seen in places as clayey layers under the 
soil capping and now undergoing slow lato:itisatk>D. 

East of the Namlap the Lower Palaeozoic succession is interr- 
upted by a narrow band of Plateau Limestone, extending through 

The Plateau Lime a<5roe« the ridge from UOTth to 

stone band near Pon. south. Although mainly made of the older 
brecciated dolomite, there is one patch half a 
mile south of Pon where crinoid stems, bryozoa, including FenesteUa 
Bp., and corals indicate the presence of the younger division. 

Upper Snurian Rocks around Pon. 

EuC of tile Naatk^ chmng, forming the greater part of the 
patch east of Pon aW rising to a height of 3,500 feet, is a series 
of dark grey limestones, (dtan (MwitBiniBg Ortiocmu, of pale pink. 
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phacoidal limestones and of reddish brown sandstones and shales. 
The latter are fossilifeious and are best seen on the north-eastern 
slopes of point 3,384 font. Peak 3,500 feet, south of Pon, is composed 
of hard, dark grey sheared limestone, while in the end of the ridge 
west of Pan-taw (21 0' : 96° 57') pale grey limestones blotched with 
brown occur. 

From the shales Sondhi has obtained many fragments of trilobitcs 
and one practically complete specimen. Unfortunately these re- 
mains are in a most delicate condition, though every detail of the 
structure is preserved. 

The complete trilobite appears to us to belong to the genus 
VIvacopB sms. sir. as the glabella is unfurrowed and inflated. In 
its thoracic segments and small rounded pygidium the specimen 
shows resemblances to Phacops latifrons. Now, although several 
members of the family Phacojnda4 have been described from the 
Shan States, they all with one exception belong to the sub-families 
of the Dalmanitinae or Pterygometopiiioe. This exception is Phacops 
(Phacops sms. sir.) shanmsis, Reed, from the Zebmgyi beds. Only 
imperfect casts in a poor state of preservation are known but there 
are resemblances to our specimen. (Since this was written the 

specimen has been determined as a new species and named Phacops 
ponensis by Dr. Cowper Reed.) 

On the analogy of Phacops shanensis we were inclined to the 
belief that in this neighbourhood we were dealing with bods of 
Upper Silurian age, a conclusion which we believe to be confirmed 
by Sondhi’s discovery of Tentaculites elegans. 

East of the intervening Plateau Limestone band, the ridge to 
tlie south-east of Pon consists of a steady easterly dipping sequence. 

At the bottom, and rarely seen, are tliiii bands 
with 2’c) of pink phacoidal limestone interbedded with 

shales. Above them come dark grey lime- 

stones with Orthoceras sp. and crinoid stems and a few bands of a 
pinkish black, soft, sandy mudstone crowded with Tmtaculiies 
elegans, Barr. Higher still the grey limestones are interbedded 

with light dark grey quartzitic sandstones, weathering io a brown 
sandstone, wliich in their turn give place to interbaiuls of hard 
bluish white shales. Peak 3,946 feet is composed of platy limestone 

and similar rocks. The north-east dip of its northern flank is 

probably due to local disturbance. 
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Our specimeuB of Tentacvliles agree wilh Dr. Cowper Deed’s dca- 
criptions of the Zebingyi forms. 

* They are Blender, conical ehclla, tapering at first lathei slowly and then 
more raj^dly towards the apex; the rings which annulate the shdl are regular, 
equal and equidistant, and they aie sepaiatcd by rathej wider interspaces.’ 

They too show the longitudinal groove or depression extending 
from the mouth down one side of the shell which is too common 
a feature to be the result of accidental injury. The average length 
is 3 to 4 mm., but some specimens reach 7 or 8 mm. 

Tentaculites degans, Barr., is a Devonian species, but for reasons 
given by La Touche it is classified in the Shan States with the 
Silurian, though it is evident that we are dealing here with strata 
of a transitional character. 

A road leads across the ridge from Taung-ni to Okpoywa (20° 60' : 
96® 69'). On the western lower slopes, tabular, grey and pink blotched 

The Taun nl dip 26®. Above them lie 

Okpoywa Bccfion? tabular limestones interbedded with mauve and 

black shales similar to the ones containing Ten- 
taculites further north, but in this locality no trace of fossils was found. 
These in their turn are overlain by dark grey limestones which 
prevail until the top of the pass is almost reached. Orange mud- 
stones form the summit and continue down the other side for three 
furlongs, to be replaced by light-coloured sandy shales containing 
very badly preserved graptolites. These appear to be unidentifi- 
able but the much greater abundance of diplograptid forms, com- 
pared with the monograptids, would seem to indicate an horizon 
considerably lower in the Silurian sequence than the one occupied 
by the TtnfaiuliUs beds. Above the stained and bleached grapt- 
olite bed there are brown sandy micaceous mudstones with no fossils. 
A long blank stretch follows with no outcrops. Towards Okpoywa 
pink and brown phacoidal limestones with a few grey bands are 
found. These are crushed and contorted and in no way compar- 
able with the tabular bedded rocks of the western flank. 


Fossitiferous Naungkangyis behind the Tatiiijig>i Crag ind 
at the foot of the Taunggyi Scarp. 

Behind the Taunggyi Crag there is a small inlier of Ordovician 
rocks, consisting mainly of argillaceous limestones weathering to 
olive sandy mudatones from which a few fossils have been obtained. 
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We believe we have here rediscovered the fossiliferoiis locality from 
which Sir Henry Hayden in 1911 sent a few poor specimens labelled 
‘ from hill behind Taunggyi ' to Dr. Cowper Reed. 

These included the following : — 

Hyattidina sp. 

Loxonema sp. 

Phacops sp. 

From Sondhi’s later collections he has provisionally identified the 
following forms : — 

Lindstroemia sp. 

Protozyga aondJiiana, sp. nov. 

Sowerbydla innexa, sp. nov. 

Ohonetoidea sp. 

Camerotoechia ?? sp. 

Calymene sp. 

It is not at present clear from the afifinities of these new species 
whether the forms belong to the Upper Ordovician or the Lower 
Silurian. From a stratigraphical point of view we are inclined to 
place it with the former. 

Behind the first platform of high-level terrace deposits, the 
precipitous scarp of Taunggyi is composed of Ordovician rocks, 
overlain by Plateau Limestone. The Lower Palaeozoics themselves 
consist mainly of limestones masked in the road sections by great 
masses of travertine, but fossiliferous mudstones also occur. 
Amongst the limestones the following types may be mentioned : — 
black with calcite veins simulating the Permo-Carboniferous types; 
highly sheared chocolate-red calcareous shales with nodules and rare 
crinoid stems ; bedded grey limestones with argillaceous partings 
and pale buff or deep orange-red fossiliferous mudstones. From 
the latter, near the village of Taungtha-hla, on the footpath from 
Taunggyi to the foot of the hill, Dr. Cowper Reed has identified 
the following forms from a collection of fossils made at this vicinity : — 

Orthis laminatay sp. nov. 

„ (Ohfptorthis) sp. 

„ ehaungzonensiSf Reed. 

» sp. 

Skenidioiies cf. aelandicm (Wiman). 

Leptaena rhoboidaUs (Wilck.) var, . 

Sowefbyella sp. ^ 
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STRUCTURAL QEOLOQY. 

There is a broad structural parallel between the Shan uplands 
and that portion of Northern India usually known as the Extra- 

Structural affinities Middlemiss as he ap- 

between the Shan up- preached their western edge as it rises steeply 
lands and the Hima- from the^ plains, the hillsides, spurs and ravines 
conveyed convincing evidence of free sculptur- 
ing at the hand of time, while the towering sharp-edged ridges, the 
wide and deep gorges, and the flowing slopes between them re- 
minded hiTTi of the older zones of the Lower Himalaya which he 
had just left. In the thin, acute-angled, irregular and vermiform 
summits, he perceived sub-aerial denudation accomplishing its work 
and the ridges being scored and fretted into all the forms so charac- 
teristic of a relatively old land area. Middlemiss suspected the 

existence of an outer boundary fault — a well-founded suspicion, 
which was proved true later — , and having reached the plateau itself 
he soon realised that he was not dealing with the normal undula- 
tions of vertically elevated blocks of strata ; the straight bound- 
aries between the various formations, the tendency to a universally 
orientated strike and its corollary — ^the arrangement of the various 
rock-groups in more or less straight bands — together with their 
sequence from west to east, suggested to his mind a comparison 
of the tableland with the Himalayas, both areas having sufiered 
distinct sets of lateral compression at diflerent times, accompanied 
in places by overthrusting. 

While Middlemiss dealt mainly^with surface-forms and morpho- 
logical features, La Touche after his years of field-work carried the 
arguments further, on more purely geological grounds, so that to-day 
we are left in no doubt of the common features of the two regions. 

Thus, as La Touche writes^ 

^ On the Burmese side we have the Shan plateau, corresponding, but at a 
muoh lower elevation, with the Tibetmi plateau, both of them the elevated floors 
of an ancient ocean, now undeigoing abrasion and reduction to a peneplain. The 
outer edge of each plateau is bounded by what is virtually a scarp ; and though 
it may seem almost absurd to compare Ihe mighty chains of the Himalaya with 
the insignificant fringe of Arduean and Faheozoic rocks that borders the Shan 
plateau, they certainly seem to bear some likeness to each other from a geological 
if not from a physical and spectacular point of view. Both are composed, speak- 
ing generally, of rooks older than those of the plateau b^ond, and in both cases 


^Loc. cit.f p. 366. 
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the nutin Tiveie, gethering on the uplands, break aoroas the strike of the rocks 
through profound gorges. In each case the sone of older rocks is bounded by 
a great fault* or series of faulte* forming the inner edge of the “ foredeep ” that 
separates them from the “ foreland ” of the continent beyond. In front of this 
again we have a zone of Tertiary strata, thrown into folds and greatly dislocated 
by faults, in the one case occupied by the Tertiary series of the Irrawaddy valley, 
and in the other by the Siwalik strata of the sub-Himalaya ’ 

The Shan arc of folding was probably shortly precedent in time 
to the commencement of the manifestation of the forces which 
eventually raised the Himalayas. In both 
The ?****h®’ cases these forces are still in operation, a fact 

^ ^ of which both Burma and the Shan States 
have been unpleasantly reminded by the recent 
revival of seismic activity, caused by the growth of faults associated 
with the outer boundary fault along a narrow zone lying at the foot 
of the hills. 

Compared with the surveyed portion of the Northern Shan 
States lying to the east of Mandalay, we find in the sections between 
Thazi and Kalaw a wide belt of crystalline 
Cotnparltoii rocks forming the outer ranges before the 

cm Shan regions. Southern Shan highlands are reached. In the 

former case the crystalline rocks build the 
Sagaing hills and underlie the Irrawaddy plain about Mandalay. 

The Pre-Cambrian Chaung-Magyi series and some of the older 
Pateozoic formations may be represented in the South em area 
before the first exposures of the Plateau Limestone are encountered 
— but this outer fringe has stiU to be surveyed in detail. The 
most striking difference in the two areas is the occurrence in the 
south of a great Mesozoic basin, faulted down into the older rocks 
and forming the brow, as it were, of the highlands behind and 
extending over the brow on to them. In the Northern Shan States 
when the narrow outer fringe of older Palaeozoic rocks has been 
crossed and the plateau itself reached, a long distance has to be 
traversed before the first Jurassic basin is met with south-west of 
Hsipaw. Another remarkable difference, at any rate in the lati- 
tudes we are dealing with, is the absence of exposures of the old 
Pre-Cambrian floor, piercing through the later formations, for it 
ii not until the Salween valley is reached that the Chaung-Magyi 
rooks are exposed along the Thazi-KengtOng route* 

Along the western edge of the Northern ShanJ^ plateau the axial 
direction of the folding is north and south, a direction which is 

I 
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also followed in the main by the great sag faults which fracture 
The dlrectloii of the Plateau Limestone further east and 

feM-hnee. again, by the Lilu overthrust in the Nhm-Tu 

valley. To the east of the Nhm-Tu, the Red Beds of the 
Jurassio Namyau series and the Plateau Limestone are both bent 
Vnto regular folds striking from N. N. E. to S. S. W. In the 
eastern ranges of the Northern Shan States there is much di^ ersity 
in the directions of the longer axes of the elongated domes 
in which the older rocks occur. In our area the trend of both 
major folding and faulting is north and south, for there are no 
exposures of the old rocks which formed the floor of the Pateozoic 
sea and which have locally affected the fold trends in the eastern 
ranges. Our area therefore corresponds in these particulars with 
the outer zone of the northern plateau and with the direction which 
the axes of folding are known to assume in Northern Siam. 

It is exceedingly doubtful whether any traces of the original 
peneplain of late Cretaceous ? age exist anywhere in the Shan 
States, where denudation is so active and ero- 
The ^Ifit were form^ sion so intense, and where the overwhelming 
at yarioui elevations. preponderance of soluble calcareous rocks, ex- 
posed to the intensified attacks of a seasonal 
monsoon climate, assist the natural agencies of land decay and 
destruction to a very remarkable degree. The plains of the area 
with which we are concerned and indeed those that we know else- 
where in the States, whether of the upland type or of the generally 
lower variety formed in the various lake basins, must all be of 
comparatively young origin. Clearer evidence could not be forth- 
coming than that furnished by the Thamakan, Heho and Yawnghwe 
plains, that they were formed at different times and at different 
elevations far above the existing base-levels of erosion. 

The Thamakan lake, whatever its origin may have been, was 
doubtless enlarged by the growth of a great solution hollow in the 
« ... .... . Plateau Limestones which fringe the Mesozoic 

Umeatone. basin of Kalaw on the east and re-appear 

" again in the Thamakan range, between these 

lake depoaite and the Heho plain. This Plateau Limestone zone 
is folded into gentle, approximately north and south trending 
flexures. To Middlemiss the scattered scarps and low dip-slopes 
which fringe it east and west suggested a 

• bfflowy, broadly extended synolinal with a Boarp possessing gentle dips to 
the west, at ike descent into tbe Heho plain’. 
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Further north, the eastern section of this stretch of Plateau 
Limestone ends on the southern slopes of the Mawson dome and 
„ , . . we suspect the existence about hero of "a 

of the Pindaya ridge. major monocline m the vicimty of Kyong, 
which further north still, breaks, and becomes 
an actual &ult which forms the eastern scarp of the Pindaya 
range. 

The results of the compressive forces that have afiected the 
Shan plateau may, as La Touche wrote, be placed under two dis- 
tinct heads : (1) the production of more or 

Compreulon hai Jess regular folds, accompanied bv overthrust 
faults. or reversed faults parallel to the strike of the 

folds, and (2), vertical faults due to the sagg- 
ing down of the underlying Archsean floor under the influence of 
gravity. These latter faults bear no relation to the direction of 
the strike of the rocks, but follow straight or slightly curved lines 
for considerable distances and are often at right angles to each 
other, while they are frequently visible at the surface as long lines 
of vertical scarps. 

Examples of the reversed or over thrust type of faulting almost 
certainly occur in the Mesozoic rocks, particularly in the Coal 

^ . . Measures, in which an example has already 

Mesozoic basin. been described. Their presence is suspected 

in the Mawson (Ordovician) series, both in 
Mawson itself and in the Heho range in the latitude of the town of 
the same name. 

The Heho basin may not be of direct tectonic origin, for, although 
it is flanked on the west by Plateau Limestone and on the east 
^ by older, Ordovician ones, the junction of two 

basin Is doubtful. rock groups where they meet beyond its north- 

ern end appears to be normal and uncompli- 
cated by faulting. Continuous exposures are however lacking in 
this area and more has to be left to the eye of faith than is desirable. 
We therefore leave the question of the origin of , the Heho basin 
an open one for the time being. 

It is only reasonable to expect that the extraordinary system 
of parallel sag-faults, which lie between Maymyo and the edge of 
the Shan plateau east of Mandalay, which 
have hepped it into definite tiers and which 
dope so much to diversify its scenery, by 

I 2 
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tli« prodactioa of gmt limettone soarpa ruooing for many miles, 
should ha've some counterpart, if not direct continuation in the 
r<^ion under discussion. In the case of the Yawnghwe depression 
containing the Inle Lake it is hard to resist the conclusion that 
vertical block-faulting has been at work strictly comparable with 
that just described. The high double-storied wall, the upper port- 
ion of which is well set back from the lower, fringing the valley on 
the east, and the precipitous edge of the Mawsdn highlands over- 
looking the plains of the Namlap— perhaps once occupied by an 
extension of Lake Inle— on the west, have all the appearances of 
fault scarps. 

The Mawsdn highlands have been referred to as a dome, as 
indeed when looked at as a whole they appear to be. It is doubt- 
_ „ , ful however whether their structure is as simple 

Tiic MAWSitn uoinCs • i *1 xi. j i 

as this and it may prove that the long success- 
ion of h'mestones visible on the east are repeated examples of the 
same group multiplied in closely packed overfolds or even over- 
thrusted, for large scale work on a small area near Bawzaing indic- 
ates the presence of numerous sharp, minor but persistent corrugat- 
ions, neither the stratigraphical difierences of the rocks, the con- 
tinuity of their exposures, nor the few fossiliferous horizons being 
sufficient to permit their distinction. The solution of this problem 
is likely to be found in the more southerly extensions of the Heho 
range. 

Our work has added no new knowledge to the pi e-Plateau 
Limestone history of the region beyond that already known through 

gcaiicnfc of itiaior ^ Touche’s researches. In the Southern 
teelogical events. States as in the North the Plateau Limestone 

overlaps all the formations beneath it and 
there is the usual sharp ^fferentiation between the brecoiated sec- 
tion of this formation and the Permo-Carboniferous limestones. 
There is certainly an unconformity of great magnitude between the 
latter and the Jurassic beds, which appear to have been laid down 
in large independent basins <m the limestone floor. Movements on 
an epeirogenic scale took place sometime in the Mesozoic and re- 
sulted in the severe crumpling of the Coal Measures before the 
QreCaceous Bed Beds were unoonfotmably deposited upon them. 
Tka evidence which we have tabulated in support of these observ- 
atioBS constitutes an advance on our knowle^e of the Mesozoic 
evenbi as ths^ are revealed in the Northem States, Finally the 
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whole area was involved in what are usually termed the Himalayan 
movement, though it was antecedent in the area now occupied by 
the Shan States to the Himalaya proper. The final phase of 
local sedimentation took place in the isolated lake basins of Flio* 
Pleistocene age and is still in progress, characterised by the form* 
ation of lignite seams, nuinly from peaty deposits formed by the 
rapid growth and decay of aquatic and semi-aquatic plants in situ. 

ECONOMIC QEOLOaV. 

CoaL 

Lists of the localities where coal of Jurassic age occurs have 
been given in the notes dealing with those rocks. Of the northern 
exposures in the Panlaung valley, one alone is promising enough to 
warrant prospecting. 

The complicated structure, caused by acute folding, at places 
accompanied by overtbrusting and shear-faulting, together with 
the rarity of good rock exposures, makes it impossible to trace the 
seams of this held on the surface or to make predictions of their 
possible extent. 

According to C. S. Fox, the Loi-an Coal Measures form a narrow 
strip barely 400 yards wide along the line of a north and south 
fault, along which they have been let down to the west, resulting 
in a great degree of twisting and buckling of the strata in the Loi- 
an area. 

About 1922, a concern known as the Coal-fields of Burma 
Limited, undertook very extensive prospecting operations on the 
Loi-an field, a great deal of trenching was done on the outcrops, 
while shafts were sunk and galleries driven on the more promis- 
ing occurrences. Although a certain amount of coal was proved, 
these operations were quite unsuccessful from a commercial point 
of view. 

In our opinion the views expressed by E. J. Jones in 1886 have 
not been challenged by any later evidence, when he wrote, 

* The seAiBs a*e exceedingly inegular ; that is to say, they are not to be de- 
pended upon to extend to any distance. A large proportion of the coal consists 
of mere pockets, and even where this is not immedia tely evident, and they can 
be traced for any they ace found eithar to thin out altogether or to de- 

crease considerably in thickness.’' 

'Hm. GM. Surv. XX, p. 185, (1887). 
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J^ones’ experience incladed both the Minpalaung (20° 60' : 96° 30') 
and Legaong (20° 49' 30': 96° 32' 30') and his remarks apply 
with equal force to the Loi-an held. At the former locality the 
visible coal was 7| feet thick, separated into two seams by shaly 
partings five feet in thickness. The seams at Legaung, though of 
fair quality, wer6 only 1^ feet in thickness. 

The carbonaceous shale of Ngot-to-yagyi (20° 64' : 96° 30' 30'), 
included by Dr. Fox as a locality in Loi-an series of Jurassic 
age, has now been proved to belong to the Lower Silurian rocks of the 
western flank of the Pindaya range. ^ 

The isoclinal folding of the CJoal Measures has in places led to 
the duplication of outcrops and local thickenings of the seams, but 
it also entails their disappearance at the bases of the synclinal 
troughs. The extreme irregularity, high or vertical dips, contort- 
ed and faulted conditions of the seams, together with the weak- 
ness and generally broken friable and soft conditions of the enclos- 
ing rocks, would render systematic mining methods diflicult, danger- 
ous and costly. Moreover, all the Shan Jurassic coals that we 
have seen have been in a more or less powdery condition and it is 
very doubtful if they could be marketed in Burma without the 
preliminary treatments of washing and briquetting. 

Some of the coals do not cake, others, particularly those fiom 
the Panlaung valley, yield a good hard coke. The following 
analyses are selected from those given in Dr. Cotter’s report: — 


Locality. 

Moisture. 

Volatile 

matt^. 

fixed 

carbon. 

Aah. 

Ummauks. 

Loi-an (central) 

fiBT cent. 
14S5 

Percent 

8106 

Per cent. 
44*82 

Per cent. 
10*17 

DoM not cake. 

Ditto 

0*82 

£7*16 

68-01 

18*42 

Oakei atrongly. 

Lol-an (east) .... 

0*82 

24*01 

60-22 

18*06 

Ditto. 

M^lnka « . • . . 

0*04 

22-04 

04*70 

1 11-72 

l>ltto. 

Lol-ao(weit) « • . . 

0>54 

£7*84 

6li-28 

0-84 

Ditto. 

InwuQ • . . . 

2*87 

12*81 

77-06 

7-77 

Does not cake. 

Bast of mile 88 (Tbasl*Ealaw 
Hoad).* 

1*22 

£0*88 

•8*61 

0*80 

Oakes strongly. 


‘ 0. S. Fox, * The OondwoM Syitem and Related Fonaationi’, Mem. Otol. Sun. 
Ind., LVm, p. 146, (1631). 

* Quoted by 0. S. Fox. 
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Lignite. 

It would be strange if the lake basins of Thamakan, Heho and 
Yawnghwe did not contain lignite, which is of common occurrence 
in similar situations elsewhere and when it is remembered that the 
lakes themselves, if we may judge from those still in existence, 
beoome rapidly filled in by luxurious growths of aquatic and semi- 
aquatic plants which on their decay form thick beds of peat. It 
happens however that sections through these lake basins exposing 
the lacustrine deposits to any depth are non-existent, and it is only 
the accidental erosion in a shallow stream-bed in the Thamakan 
plain, at a point half a mile south-west of Nangon near Poila, 
and at another place in the same neighbourhood, 1| miles west 
by south of Nangon, that has revealed their presence. To Middle- 
miss, who examined the localities, it seemed probable that a more 
or less continuous layer of the lignite — neither very pure nor very 
thick—, existed hereabouts. 

In the Tigyit valley, to the south of the Thamakan plain, a 
similar accident has displayed thin superficial bands of lignite in 
the old lacustrine deposits of that area. The section given by 


E. J. Jones was as follows : — 

Feet. 

Surface soil 2 

Lignite 2 

Brown clay 2 

Lignite . • 2 

Brown clay 4 

The composition of the material was : — 

Per cent. 

Moisture • . • • 22*74 

Volatile matter 26*26 

Fixed carbon 30*22 

Aah 10*78 


It did not cako. 


Gold. 

For a long time past gold has been known to the inhabitants of 
the place to occur on the western slopes of the Mwe-daw hiU-mass 
(20® 89' : 96® 28' 30'), and evidence of former activity for the recov- 
ery of the metal is met to this day in the few pits dug about 
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halfway down the slope into and along beds of marble and siliceous 
limestones. Its presence in the soil derived from the above rocks 
was also fully known» as is indicated by the numerous tailing 
dumps scattered over the area, where pan-washing was practised. 

Just before the Great War systematic prospecting on modem 
methods was started on the field and dilapidated remains of four 
horizontal tunnels exist to this day, but the description of persons 
responsible as well as the record of their activities is unfortunately 
nowhere available. 

Since then the area has been on license, renewed continuously, 
but no serious effort has been made to evaluate the amount of gold 
or investigate the possibilities of its exploitation till last year, when 
Mr. B. C. M. Garrett of the Shan States Silver-Lead Corporation, 
Ltd., Bawzaing, acquired the prospecting licence. 

At present a detailed investigation is being carried on, the old 
tunnels have been cleared and representative samples submitted to 
quantitative analyses with, it is reported, encouraging results. 

The origin of the gold is intimately connected with the intrusion 
of diorite and granite into the Coal Measures. An almost con- 
tinuous but irregular outcrop of diorite has been traced from a 
point a little south-east of Mwe-daw to the latitude of Law, 
a straight distance of about four miles to the N. N. W., which is 
also the direction of strike of the Coal Measures. Generally it 
crops out along the eastern limit of the limestone bands believed 
to be interbedded with the shales and siltstones of the Coal Measures 
here, although they bear a strong rosemblace to certain types of 
the Plateau Limestones. In the deep ravine sections diorite is 
often seen capped by layers of altered limestone. The rock is 
propylitised, porphyritic and holocrystalline, and is made up mostly 
of large phenocrysts of zoned and partially saussuritised felspar and 
hornblende. 

Typical biobite-granite has been found only at one place, north- 
east of Mwe-daw, separated from limestone bands by diorite. 

The country rocks have been considerably affected by the intru- 
sions both thermally and metasomatically, and, judging by the 
extensive eilicification of the limestones, there must have been a 
good dear of free silica solution, which it is believed was the gold- 
carrier, associated with the intrusions. The limestones have either 
been oompteiely silici&ed or are turned into marble, and a large qnan- 
ti^ of woUastonite h^d been produced, 4ad the shales and sUtstoasi 
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li»v« been turned into hard flint-like rooks still showing their lines 
of bedding. 

Qold is by no means uniformly distributed throughout the 
silicifled limestone nor is it confined to them, but it almost always 
ocours disseminated in a very fine state hardly visible to the naked 
eye even in the pan concentrates. Some of the marbles are re- 
ported to have yielded good values and woUastonite on the whole 
is considered quite hopeful. 

Though lying to the north of the area under description, it is 
as well to mention here that Middlemiss records the occurrence 
of gold on a hill in the Baw State between the Zawgyi chaung and 
the Myitnge (Nkm-Tu). The hill is about S,000 feet high and 
lies about ten miles north-east of Myogyi.^ The metal is in the 
form of dendritic crystals and flakes in cavities of quartz which 
probably forms veins in the local gneissic rock. 


Copper. 

Antimonial tetrahedrite with the green and blue carbonates of 
copper and containing small quantities of arsenic, iron, zinc, lead 
and silver, occurs at a number of isolated places about Ya-taung 
(:!0° 59' : 96® 35'), the 5,907 feet peak which lies in the Pindaya beds, 
and about five miles due south, near Myindwin (B. 1). Slightly to 
the north of this peak occur the interbedded rhyolites to which 
attention has been drawn eariier. 

At the time of Middlemiss’s expedition surface workings were 
being carried on at Ganaingywa, miles due south of Ya-taung, 
the ore occurring in thin veins dipping W. N. W. at dO"" and follow- 
ing the bedding of the limestone on the eastern slope of the hill. 

Other occurrences exist on Men4-taung and near Al^-chaung, to 
the north-east and north-west of Ya-taung, respectively. From 
the walls of an old Chinese shaft near AlAK^baung, Sondhi oollected 
specimens of bedded limestone containing small strings and nodules 
of galena with malachite and asurite. 

On the eastern limb of the Pindaya inlier small old copper 
workings are known at Kye-dwin-gon about 2^ miles S. S. W. 
of Pindaya, and Sondhi observed a barytes vein one mile due 
west of Zawgyi (20® 59' : 96® 40'), beanng stains of copper and thin 
stringers of malaohite. 

^ Loc. p. 151. 
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About half a mile to the north of Heho and about 160 feet above 
the plain in the first valley to the north of the one which carries 
the road and railway across the Heho range, there is an old shaft 
80 or 40 feet deep and the dumps from two or three collapsed adits. 
On these vein quartz and shaly fragments of rock occur, contain- 
ing chalcocite and films of malachite and azurite. To the south- 
east of Heho, the blue and green carbonates of copper are also 
found as thin films on shaly outcrops near peak 4,268 feet, east of Pein- 
ne-biii. 

Copper-ore is known to occur in the neighbourhood of Mwe-daw 
associated with the gold-bearing rocks. Specimens of metamorphosed 
limestone examined by us from this locality contained both chal- 
copyrite and malachite. 

Copper-ore, presumably the yellow sulphide, is also reported 
from the beds of streams running to Kwe-ma-sa, south of Nam- 
pandet. 

Antimony. 

Stibnite occurs in a few places in the neighbourhood of Men^taung 
(20'' 59' : 96"" 37'). It was worked in a small way just to the south 
of the village, where it occurs in small groups of radiating acicular 
crystals and columnar blades in a highly decomposed limestone. 

Iron-ore. 

Impure iron-ore of a lateritic character occurs in small quant- 
ities on the surface at various localities in Poila and Mawson States, 
but they do not appear to be of any economic importance. Scattered 
pisolites of limonite are common in the red residual clay of the 
karst plateau areas and ferruginous laterite at the margins of 
the old lake basin. 

On the south-eastern slopes of the Heho range to the east of 
Mawnang there are scattered occurrences of iron slags dating from 
a time when the surface iron-oras of the locality were melted on 
a small scale by the Shans. To-day the slag is u^ for road dress- 
ing, about four miles of local road being coated with it. 

- Iron pyrites. 

According to Middletniss iron pyiiteB was mined for the man- 
oiacture of sulplnix at Tebok in the Poila State. This local induS' 
try has been extinct for many years. 
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Crystals of pyrite are common in some of the shales of the Coal 
Measures series, and the diorite intrusion at Mwe-daw is at places 
impregnated with it. 


Wolfram. 

A concession about three-quarters of a mile in extent was granted 
for wolfram mining a few years ago on the west and south-western 
flanks of hill 4,832, east of Paw-lamaw, a village near the southern 
extremity of the Heho plain (20® 37' 30'' : 96® 49'). Here there are 
numerous dumps from trenches and Shan pits, which are mainly 
made up of hard siltstones and fragments of shale. Many of them 
are crossed by thin quartz stringers from an eighth of an inch up- 
wards to veinlets foui or five inches across, which appear to have 
been derived from a stock-work. The quartz is granular and crystal- 
line, occasionally exhibiting irregular vugs. The veinlets contain 
muscovite mica, generally as a selvedge. Wolfram occurs in thin 
plates and crystals spiirsely and irregularly distributed through the 
quartz and is usually very decomposed. The limestones of the 
vicinity, which belong to the Mawson series of Ordovician age, are 
of the tabular type with argillaceous partings and dip W. S. W. at 
35®. Their only differences from the typical varieties consist in 
their white, somewhat saccharoidal character and in the develop- 
ment of a little fiine-grained white mica. These changes are perhaps 
a result of metamorphism consequent on the intrusion of the quartz- 
mica-wolfram veins and stock-works. Judged from the old work- 
ings, the latter occur in a broad zone running approximately north 
and south and a few hundred feet wide. The only other mineral 
noted in association with the veins is cubical pyrite altering to 
limonite. 


Lead and Silver. 

An indigenous mining and metallurgical industry concerned witli 
lead and silver flourished for centuries in the Mawson State imtil 
it was extinguished by the annexation of Upper Burma in 1886 
and the consequent prohibition of the export of lead from the Shan 
States. 

In several more or less parallel cones which stretch for many 
miles north and south through Mawson and across the borders of 
the adjoining state of Law^wk, there are thousands of aneient 
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jrits — the number being used in its literal sense — email in section, 
often barely big enough for a man to enter, which descend into the 
thick residual clay and into the fissures and partings of the under- 
lying limestone, or are excavated in the sedimentary horizons 
which occasionally separate the thicker limestone bands of the 
Mawson series. Workings which have been cleaned out and ex- 
plored have been found to ramify in all directions and to have been 
carried in some cases to lengths of hundreds of feet and occasionally 
to depths of 200 or 300 feet vertically below the surface. Where 
they are close together, as sometimes happens, the burrowed ground 
resembles a rabbit warren on a large scale. 

In a recent paper Coggin Brown has described the lead-ore 
deposits of Mawson in detail and to that reference should be made 
for fuller accounts than it is possible to give here.^ 

The western limit of the lead-bearing region may be taken as 
a Ime running north and south through Te-thun (20° 68' : 96° 46') 
and Kyein-daw (20° 66' : 96° 46'). It is characterised by the 
occurrence of scattered accumulations of slags rather than by old 
workings. The most northerly workings in Mawson are near 
Si-set (21° 0' : 96° 49'), while further north still in the Na Kyawng 
Circle of Lawksawk argentiferous galena was extensively mined in 
bygone generations. 

On the east, the limit of the area which has attracted modern 
capitalistic enterprise lies on and about longitude 96° 60' and 
stretches from a point about one mile north of Ywa-haung-gyi 
(20° 68' : 96° 60') through Ta-da-gon to the neighbourhood of Kanni, 
a distance of ten miles, of which the greater part lies in the Kyawktap 
Circle of Yawnghwe State. Other groups of old workings are 
known to occur however, in the area between longitude 96° 60' and 
the edge of the Mawson highlands about longitude 96° 65'. 

The latitude of Kanni — a village about IJ miles E. N. E. of 
Kyawktap — ^marks the southern limit of the area which has attracted 
tho attention of the modern miner. 

Within this region many prospecting pits and hill-side adits 
have been made in various places by recent adventurers. In most 
of these cases the work been froitleas from an eoonomic point 
of view but in three of them, Bawdwinja, Bawzaing, and the Lxwksavk 
Sawbwa’s mine,* ore-bodies have been discovered. 

^ Osggla Bmwo, ^ Tke Geolegy aod Lead Om Dapodits MavsSa, Fedarsted Biaa 
^ bXVr, a s. (1911). 

* aboat ttuee^aftiian of a mUa WTS. W. of th3 paxk 5,473 fo9t, Iho hlghost point 
of tbs lCa#s5a nplaad. 
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The main ore-tcdy of the Ba^zaing mine— leased by the Shan 
States Silver-Lead Corporation, Limited— cccnis in a wide, nearly 
vertical, iiregnlar fissuie with ragged walls, trending approximately 
N. 20® W. obliquely across the strike of the conntry-rccks. The 
fissure is filled with mineralised clay containing irregular limestone 
blocks of all sizes. Within this fissured zone there is an ore-shoot 
with a decided pitch to the south and of very varying width, up 
to a maximum of 70 feet. The ore-shoot was encountered in the 
Bawzaing shaft at about 76-80 feet from the surface, but in the 
Theingon shaft, 760 feet away, it was not met with until a depth 
of over 124 feet was reached. It varies between 175-200 feet in 
height and, thinning out both above and below, displays a roughly 
lenticular section, as the main fissure pinches in at both the northern 
and southern ends of the ore-shoot. Other ore channels are known 
to exist but are as yet imperfectly explored. The Bawzaing shaft 
is 400 o(^d feet in depth with levels at 120, 200 and 331 feet respec- 
tively ; the 400-foot level is reached by a winze from the 280-foot 
level. The Theingon shaft is 676 feet deep with five correspond- 
ing levels from it. The mine is equipped with Diesel power-plant, 
electric winders and pumps and possesses an up-to-date mill. 

The ore-reserves in sight in April. 1930, were placed at 186,400 
tons, averaging over 7 per cent, of lead. Operations are at present 
suspended owing to the depression in the base metal market. 

Galena is irregularly distributed in the clay of the fissure which 
also contains much cerrusite in earthy and powdery forms. An 
assay of the concentrates (over quarter-inch material) yielded Pb 
0‘75 per cent., Ag 14 ozs., Zn 0*30 per cent. There is a good deal 
of evidence of the occurrence of ore in situ underground, which 
has been detailed in the paper referred to above, in which the var- 
ious theories which have been advanced to account for the origin 
of these ore-deposits are discussed at length. 

In a series of 13 ckssays of ores from various parte of Mawsdn 
made by a reliable British firm, the average value of the silver 
content was 22 oes. silver per ton of lead, the lowest value 12 ozs. 
and the highest 45 ozs. 

During periods when high prices have ruled in the lead market, 
Che oollection and export of the ancient slags has been profitably 
eajrried on and some thousands of tons have been shipped abroad. 
The lead content of five samples of slag collected and analysed by 
the Geological Survey of India ranged from 36*6 to 40*3 per cent* 
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Tlie slags oairy very little silver, as it was for this metal that the 
*»re8 wore originally treated by the ancients. 

Small quantities of lead slag are shipped to Burma under the 
name of hwei^ where they are used as a glaze for earthenware 
pottery. 


Barite. 

Well-developed veins of barite, carrying galena, occur at Thaung- 
dwin near Tan-tape (20° 59' : 96° 50') in Lawksawk State. 

A thick barite veins crops out across the footpath from Kyein- 
daw to Mawson just before the descent into the valley which carries 
the motor road from Heho to Mawson. 

Half a mile east of Konleau tlie weathered outcrop of a 
massive barite vein can be traced for 40 yards, the scattered frag- 
ments of which cover a width of t.^n feet in the surface soil. This 
locality and the second one described above are easy of access, 
the veins appear to be large as far as surface indications go, and 
are worth further exploration in case a demand for the mineral 
arises in Burma. Barite is already used to a certain extent on 
the oilfields as a weighting material in the preparation of heavy 
muds.^ 


Limestones and Building Materials. 

Limestones of a great variety of composition, colour and texture 
exist in the area under description. The dark blue-grey kinds of 
the Upper Plateau Limestones and the purer bands of the argillac- 
eous Silurian and Ordovician stones are trimmed into blocks and 
used for bridge-building or occasionally for house foundations ; they 
are also broken for road metal. Some of the pink, chocolate and 
green banded types of Silurian age would doubtless form serviceable 
ornamental stones but there is little demand for building stone in 
the Shan States. The brecciated dolomites of the Lower Plateau 
' Limestones ’ are too shattered and pulverised for these purposes, 
but are quarried as a surface dressing for roads, which quickly breaks 
to dust in the dry weather and gives rise to a slippery coating of 
slimy mud in the rainy season. 

^ At Ck>iflso% O'tfol. Burv. J^d., Pt. 1, pp. 1S2425, (1933). 
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The domestio indigenous architecture from the palace of the 
chief and the monastery of the priest to the house of the peasant, 
finds its expression entirely in wood and to a preponderating extent 
amongst the poor, in bamboo. 

On the drier edges of the Heho and Thamakan plains under the 
surface soil, in the belt of gently rising ground as the slope towards 
the surrounding hills begins, a pisolitic, ferruginous laterite some- 
times grows, generally in small patches. We have seen these ex- 
cavated, trimmed into blocks and used for culverts and house 
foundations. Like other laterites this material possesses the pro- 
perty of slowly hardening on exposure. 

The harder varieties of travertine are also dressed for building 
purposes, particularly in the Yawnghwe and Hopong valleys, and 
the harder beds of sandstones of the Red Beds and the Coal Mea- 
sures are often used in buildings and culverts. 

The local pagodas, the houses of Europeans in Ealaw and 
Taunggyi and most of the Government buildings in the States are 
built mostly of brick, only a little of the harder varieties of Plateau 
Limestones being used. Clays good enough for brick manufact- 
ure exist in many places. In the construction of pagodas a pit 
is usually opened in the vicinity, and bricks, moulded by hand, 
are burnt on the spot, while a limestone outcrop, which is usually 
not far away, furnishes the stone for lime and whitewash after- 
wards. 

Some of the deeply tinted clays into which the argillaceous 
limestones of the older Palesozoic rocks weather would form bases 
for useful colour-washes, if any demand for such things existed. 

In the gold-bearing area at Mwe-daw a large amount of almost 
pure limestone has been turned into marble around the dioritic 
intrusions. Various types of the rock are to be seen, varying in 
texture from fine sugary to coarse crystalline and in colour from 
light slaty grey to pure white. Some of the types could perhaps 
be found marketable, 

EXPLANATION OF PLATES. 

PL4TB Thrust plane in the Coal Measures. 

Plats 7, Fio. 1. * Rain pillar ’ weathering of the lacustrine deposits near 
Aungban. 

Fio. 2. Lacustrine deposits lying on the ragged edges of the Plateau 
ligMltopO, ^ 
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PitAT^ 8, Ste. 1. Travartme djunt in the Panl&ung cKamg, 

Fxo. 2. A typical section of the Coal Measures. 

Plate 9, Fio. 1. The Taunggyi Crag (Plateau Limestone), with the bungalow 
of the Commissioner of the Federated Shan States in the 
foreground (since destroyed by fire). 

Fio. 8. Contorted shales and siltstones of the Mawsdn series east of 
Heho. 

Plats 10« Fiq. 1. View of the Taunggyi hills from the Yawnghwe valley. 

Fio. 2. A view of the Pindaya beds (in the background). Note the 
topographical difference of the area occupied by the Plateau 
limestone in the foreground and the Pindaya beds in the 
background. 

Plats 11. Geological map of the Kalaw-Taunggyi area. Southern Shan States. 
Scale 1 inch =4 miles. 
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FIG 1 CLOSE VIEW OF THE PHACOIDAL LIMESTONES INTERBEDDED WITH MUDSTONES 
AT LOILEM, SHOWING THE CHARACTERISTIC PATTERN 
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FIG 2. PANORAMIC VIEW OF THE SILURIAN DEPOSITS AT LOILEM, WITH LIMESTONES 
FULL OF POT-HOLES IN THE BACKGROUND 



Re.oidb, V^ol. LXVII, PI. 



CALCAREOUS GROWTHS IN THE HTAMSANG CAVES. 





THRUST PLANE IN THE COAL MEASURES. 
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FIG 2 A TYPICAL SECTION OF THE COAL MEASURES 
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FIG. 1. VIEW OF THE TAUNQQYI HILLS FROM THE YAWNGHWE VALLEY 
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I. INTRODUCTION. 

» I ’'HE method of classification adopted in the first Review of Mineral 
i. Production publisheo in these Records (Vol. XXXII, 1906), 
although admittedly not entirely satisfactory, is still the best that 
can be devised under present conditions. As the methods of col- 
lecting the returns become more precise, and the machinery employed 
for the purpose more efficient, the number of minerals included in 
Class I — for which approximately trustworthy annual returns are 
available — increases, and it is hoped that the minerals of Class II — 
for which regularly recurring and full particulars cannot be procured 
— will in time be reduced to a very small number. In the ease of 
minerals still exploited chiefly by primitive Indian methods and 
thus forming the basis of an industry carried on by a large number 
of persons each working independently and on a very small scale, 
the collection of reliable statistics is impossible ; the total error 
from year to year, however, is characterised by some degree of 
constancy, and the figures obtained may be accepted as a fairly 
reliable index to the general trend of the industry. In the case of 
gold, the small indigenous alluvial industry contributes such an 
insignificant portion to the total outturn that the error from this 
source may be regarded as negligible. 

The average value of the Indian rupee during the year 1931 was 
l5. 6^d.; the highest value reached was Is, 6/gd. and the lowest 
Is, 6Ji. The values for 1932 shown in the tables are given on 
the basis of ly. to the rupee ; for ease of calculation, £1 has been 
taken to be equivalent to Rs. 13-3 instead of Rs. 13‘287. 

Table 1 shows the total value of minerals for which returns 
of production are available for the years 1931 and 1932. The 
average figure for the quinquennium, 1919-23, was £26,194,123. 
In the following year, 1924, there was an apparent increase of over 
£3,600,000 ; this was, in part, however, due to the higher average 
value of the rupee during that year. Since 1924, there has been 
a steady decline, which persisted down to the year 1928, for which 
the value was £21,888,628. There was an arrest in this decline 
in 1929, which showed an increase in total value to £22,828,686 
or about 2 per cent, over that of 1928. In 1930, however, the 
decline was resumed and the total value of the production fell by 
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Table 1 .— Total value of Minerals for which returns of production 
are available for the years 1931 and 1932. 


. — 

1931 
(£1 = 

Rs. 13-6). 

1932 

(£1= 

Ea. 13-3). 

Increase. 

Decrease. 

Variation 

per 

cent. 


£ 

£ 




Coal . . . 

6,125,804 

6,120,045 


1,005,769 

—16-4 

Petroleum 

4,380,389 

3,818,876 



—12-8 

Gold 

1,640,886 

1,906,123 



-f23-7 

Salt .... 

1,010,441 

898,764 

, , 

111,687 

— Ill 

Lead and lead- ore (a) 

939,906 

820,109 

. . 

119,797 

— 12-7 

Building materials 

851,741 

686,877 

. . 

166,864 

— 19-5 

Silver 

387,361 

471,667 

84,206 

. . 

-f21-7 

Tin-ore 

269,806 

339,097 

79,291 

. . 

+30-6 

Oopper-ore and matte 

407,181 

338,676 


68,606 

—16-8 

Iron-ore . 

308,055 

294,720 


13,336 

—4*3 

Mica (c) ^ 

307,316 

261,800 

, , 

66,516 

—18-1 

Manganese-ore (b) 

726,964 

140,022 


686,932 

— 80-7 

2Sino oonoentrat^ 

127,669 

113,481 


14,188 

— Ill 

Saltpetre (c) 

73,414 

92,272 

1*8,868 

. . 

+26-7 

Niokel-speisa 

49,924 

77,269 

27,346 

. . 

+64-8 

llmeuite . 

41,991 

68,134 

16,143 

. . 

+38*4 

Tungsten-ore 

66,309 

62,921 


12,388 

—18*9 

Jadeite (c) 

26,094 

28,369 

2,266 


+8*7 

Chromite . 

23,336 

20,727 

. . 

*2,608 

— 11-2 

Clays 

Renaotory materials . 

26,616 

19,461 


6,164 

—24*1 

5,108 

10,100 

4,992 

+97-7 

Steatite 

9,001 

9,736 

736 

. . 

+8-2 

Gypsum . 

7,264 

7,125 

. . 

129 

—1-8 

Antimonial lead 

14,781 

6,627 


8,154 

—66-2 

Monazite . 

890 

6,147 

6,267 


+690-7 

Magnesite 

2,026 

6.470 

3,444 

. . 

+ 169-9 

Diamonds 

2,669 

6,428 

2,869 


+111-3 

Ziroon 

7,972 

3,805 


4,167 

— ^2*3 

FaUer^s earth « 

2,642 

3,406 

863 

. . 

+33-9 

Ochre 

1,918 

2,489 

571 


+29-7 

Barytes 

3,200 

2,209 


*991 

-^•9 

Asbestos 

6 

677 

*672 

. . 

. . 

Beryl 

. , 

397 

397 

. . 

. . 

Fel^r 

247 

330 

83 


+33*6 

AmW 


146 

146 

. . 

. . 

Apatite 

79 

81 

2 

. . 

+2*6 

Soda . . . 1 

31 

33 

2 

. . 

+6-4 

Garnet (d). 


28 

28 

. . 


Bismuth . 

6 

4 

. . 

2 

--83*3 

Ruby, sapphire and 
spinel 

3,175 


• * 

3.176 


Serpentine 

6 

. . 


6 

. . 

Columbite 

4 

•• 


4 

•• 

Total 

17,739,994 

18,612,805 

613,397 

-2.1 

1 2,740,886 

—IS-O 


(a) £xolud«8 antimonial lead (6) Export f.o.b.' values. 

(d; Estimated. 


(c) Exxiort values. 
B 3 
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over £2>600,(M)0 to £19,760,233, this ocmtinuiDg in 1931, by over 
£2,000,000, to £17,739,994, and again in 1932 by over £2, (KM), 000, 
to £16,612,505. Of each of the thirteen minerals with a value of 
over £1(M),000 annually, an enormous percentage fall in value is 
shown by manganese-ore (80’7 per cent.), whilst smaller falls are 
shown by mica (18*1 per cent.), copper-ore and matte (16*8 per cent.), 
coal (16*4 per cent.), petroleum (12*8 per cent.), lead and lead-ore 
(12*7 per cent.), salt and zinc concentrates (each 11*1 per cent.), 
building materials (7*9 per cent.), and iron-ore (4*3 per cent.) ; 
while large increases are shown by tin-ore (30*6 per cent.), gold 
(23*7 per cent.), and silver (21*7 per cent.). Amongst less important 
minerals the largest increases in value are shown by nickel-speiss, 
saltpetre, ilmenite, monazite, refractory materials, magnesite, dia- 
monds, and jadeite ; whilst the most important decreases are 
shown by tungsten-ore, antimonial lead, zircon, ruby sapphire 
and spinel, and chromite. An increase or decrease in value does 
not always correspond to a similar variation in output, and cannot, 
therefore, be regarded as an infalliable indication of the state of 
an industxy. But in 1932, in all cases, with four exceptions, an 
inorease or decrease of value accompanied an increase or decrease 
of production. The exceptions were gold, in which a small decrease 
in output was accompanied by a large increase in value ; and iron-ore, 
petroleum and gypsum, in which increases in output were accompanied 
by decreases in total value. 

It is interesting to compare the changes in the figures of total 
value recorded in Table 1 with the variations in the average annual 
value of the leading metals and ores as summarised in Table 2. 
In 1931 all the metals and ores given in this table showed a fall in 
price except gold, in the price of which there was a substanial 
rise. Tn 1932 there was a very large rise in the price of gold, 
and in addition a partial recovery in the price of spelter, tin and 
silver. 

The number of mineral concessions granted during the year 
under review amounted to 327 against 361 in the preceding year. 
Of these 26 were quarry leases, 249 were prospecting licenses, and 62 
were mining leases. This small total compared with the 6giire 
(714 mineral concessions) for 1927 is an index of tbe decreased 
proepucting and private geological enterprise that accompanies a 
pMiod of depression. 
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Table 2.— Average prices in ike United Kingdom oj Principal Metals 
and Ores dvring ihe years 1931 and 1932. 


— 

1931. 

£ per ton. 

1932. 

£ per ton. 

Metals — 



Copper, standard ...... 

38-39 

31-73 

Lead, pig, soft foreign ...... 

1303 

12-04 

Spelter, ordinary 

12-44 

13-69 

Tin, Btandard 

118-45 

135-94 

Pig-iron, Geveland No. 3 .... . 

2-93 

2-92 

Steel rails 

8-38 

8-37 

Ferro-nianganeee ...... 

11-25 

11-26 

Gold, fine, per ounce 

92-492 sh 

118-037 sh. 

Silver, standard, ^ler ounce ..... 

14-665 d. 

17-834 d. 

Ores — 



Chromite, 48-57 per cent., per ton 

(a) £ 4-055 

£4-698 

Manganese- ore, first grade, per unit 

11-7 d. 

9-5 d. 

Wolfram, per unit ...... 

13-59 sh. 

1 

12-31 fh. 


(a) 48-55 per cent. 


la Part 4 of the previous volume of these Records is a paper 
giving tables of production, imports, exports, and consumption of 
minerals and metals in India for 1913, 1917, 1920 and 1926 to 19S1. 

These data are given in considerable detail and similar data 
could not easily be obtained in full in time for incorporation in 
successive annual reviews of mineral production without causiug 
undue delay. It is possible, however, to bring up-to-date Table V 
of that review showing the quantities of ores, metals and other 
min e ra l products available for consumption in India. These data 
ate summaiised in Table S of this present Review. 
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Production. 

3 

642 

{h) 

90 

2,967 

281 

27 

6,440 

117,387 

13,497 

17,865 

20,163,387 

44,867 

9,474 

4,443 

9,729 

1,2641 

366 

** 473 

Unit. 

2a 

Cwts. 

Tons 

Cwte. 

Tons 

Tods 

Tons 

Lbs. 

C^^ts. 

Tons 

^Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 

Tons 
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Tons 
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Tons 
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Ill 

jlrit • 

|r " 

3SI IP III IsllS 

• 22 • 22^ ®^S2 

0>5>0 »H CQ ^ 

<30 f5 00 »o 

© t' <N I-H w 

CO 0« I-I 

Exports of 
domestie 
prodoction. 

6 

$ S SS i § 

ea : : : : ; 5; :S : | : 

Retained 

imports. 

4 

6,891,746 

78,091,672 

106,262,687 

14,339,221 

187 

6,181 

167,185 

332,601 

662,741 

6,334,060 

32,640 

323,839 

49,279 

Prodootion. 

3 

CO 

<N®« 0D©t^WiS< »0 
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Unit. 

2a 
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Kinds and grades. 

2 

Crude .... 
Petrol inoluding benzene 
and dangerous spirit. 
Kerosene 

Fuel oil . . . 

Batohing and labrioating 
oils. 

Paraffin wax 

Saltpetre 

Potash chemicals and 
manures. 

Ore .... 
Metal (unwrought) 

Ores and minerals. 

1 

H ^ 1 

p T•■f■• 

llll IJI 11 ..ll . 
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IL— MINERALS OF GROUP I. 

Antimony. 

The production of antimonial lead obtained as a bye-product 
in the load refinery at the Namtu smelter of the Burma Corporation 
Limited, decreased from 1,605 tons valued at Rs. 1,99,546 (£14,781) 
in 1931 to 642 tons valued at Rs. 88,140 (£6,627) in 1932. This 
product contains approximately 72 per cent, of lead, 24 per cent, 
of anitmony and 4 ozs. of silver to the ton, and is exported to the 
United States of America for further treatment. 

There has been no production of antimony-ore in the Amherst 
district, Burma, since 1930, when the output amounted to 3 tons 
valued at Rs. 60 (£4). 


Chromite. 

There was a small decrease in the production of chromite in 
India from 19,913 tons in 1931 to 17,865 tons in 1932. This decrease 
is the balance of a great decrease in the output of Baluchistan 
amounting to almost complete cessation, a large increase in the 

output of Singhbhum to a figure not hitherto reached, and a re- 
covery in the output of the Mysore district from the fall of the 
previous year. The total exports from India during the year 
were nearly twice those of the previous year and considerably in 
excess of the production, amounting to 26,638 tons, made up of 
20,640 tons from British India and 4,998 tons from Mormugao in 
Portuguese India, as compared with 7,708 tons and 6,536 tons 

respectively in the previous year. The small decrease in produc- 
tion was accompanied by a small fall in the value per ton from 
Rs. 16-8 in 1931 to Rs. 16*4 in 1932. 

Between 40 and 50 per cent, of the world’s supply of chromite 

comes from Southern Rhodesia, which has now become the pre- 

dominant source of this mineral. 
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Table 4. — Quantity and value of Chromite produced in hidia during 
the years 1931 and 1932. 




1931. 



1932. 



Quantity. 

Value (£1«:B8. 18*5). 

Quantity. ^ 

1 Value (£l=Es. 13-3). 

Baluchistan — 

Tons. 

Rs. 

£ 

Tons. 

Rs. 

£ 

Zhob . 

Bihar and 

Orissa—^ 

12,189 

1,81,291 

13,429 

228 

3,420 

257 

Siughbhum . 
Mysore State — 

2,749 

37,269 

2,760 

7,638 

1,08,972 

8,193 

Hasaan 

1,888 

33,163 

2,466 

2,812 1 

18,421 

1,385 

Mysore 

3,087 

63,313 

4,690 

7,187 

1,44,862 

10,892 

Total 

19, 9U 

3,16,026 

23,335 



20,727 


Coal. 

There was a decrease during the year of 1,503,048 tons, or about 
7*2 per cent., in the output of coal. This decrease was due mainly 
to Bihar and Orissa with smaller falls in Assam and Bengal and a 
trivial fall in Rajputana. There was a relatively large increase 
in the production of the Central Pj*ovinces, with smaller increases 
in Hyderabad, the Punjab and Central India and a trivial increase 
in Baluchistan. The heavy decrease in Bihar and Orissa in 1932 
continues that of 1931. With the exception of Talcher which 
showed a substantial increase of 111,274 tons (from 142,312 tons 
to 263,686 tons), this decrease was shared by all the fields, the most 
important falls being 1,203,754 tons in Jharia, 307,624 tons in 
Bokaro, 129,890 tons in Giridih, 111,706 tons in Raniganj, and 
52,112 tons in Karanpura. In Central India there was a further 
decrease in the output from Umaria of 9,028 tons, which was much 
more than offset by a further substantial increase of 22,588 tons 
from the Sohagpur field. In the Central Provinces there was 
another large increase amounting to 81,802 tons in the output 
from the Pench Valley, whilst the output of Korea State, which 
showed an initial production of 3,617 tons in 1930, rising to 31,351 
tons in 1931, amounted to 113,858 tons in 1932, representing the 
very large increase of 82,607 tons. On the other hand, Ballarpur 
showed a small decrease (6,604 tons). In Hyderabad, the Singareni 
field was responsible for a decrease of over 110,000 tons, and Sasti 
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for an increafie of nearly 8,000 tons : in addition, there was an initial 
separately reported output of 126,471 tons from the Tandur coalfield. 

In 1929 the statistical position at the end of tie year showed 
a very great improvement in spite of the increase in the total output, 
stocks in the six provinces of Assam, Baluchistan, Bengal, Bihar 
and Orissa, the Central Provinces, and the Pimjab, for which such 
figures are available, showing a total reduction of 781,477 tons. 
In 1930 the smaller increase in production was not accompanied by 
another improvement in the statistical position, but by a slight 
worsening, namely an increase of stock amounting to 141,766 tons. 
In 1931, in spite of a large fall in production of over 2,000,000 tons, 
the position deteriorated still further with an increase of stocks of 
428,384 tons, and in 1932 this deterioration continued, so that in 
spite of a decreased output of over IJ million tons stocks increased 
by 260,629 tons. The data are given in the following table : — 


Year. 


1927 

L928 

L929 

1930 

1931 
1982 


Opening 

stock. 

Closing 

stock. 

Tons. 

2,161,806 

1,721,288 

1,625,717 

844,240 

986,006 

1,414,340 

Tons. 

1,721,288 

1,626,717 

844,240 

986,006 

1,414,340 

1,664,969 


Reduction 
during year. 


Tons. 


(a) 141,766 
(a) 428,384 
(a) 250,629 


(a) Increase of stocks. 


The decreased output of 7*2 per oeut. was accompanied by a 
decrease of 16-4 per cent, in the total value of the coal produced 
in India from Rs. 8,26,98,364 (£6,126,804) in 1931 to Rs. 6,80,96,604 
(£6,120,046) in 1932. 

There was a decrease of Re. 0-6-10 in the pit’s mouth value 
per ton of coal for India as a whole, namely from Rs. 3-12-11 to 
Rs, 3-6-1, a very smous fall at this low level of prices. With two 
ezoeptioQS a fall was recorded in every province. In the two 
great coal provinces, Bihar and Orissa and Bengal, the value fell 
by Re. 0-6-7 and Re. 0-9-1 respectively. In other provinces, the 
price fell in Assam by Re. 0-7-6 ; in the Central Provinces by 
Re. 0-3-9 ; in Baluriiistan by Re. 0-3-6 ; in Hyderabad by Re. 0-1-11 ; 
and in Central India by Re. 0-1-6. On the other hand the price 
rose in the Ponjsib by Re. 0-6-10 ; and in Rajputana by Re, 0-2-4. 
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TjlBLB 6. — Provincial production of Coal during the years 1931 and 

1932. 


Province. 

1931. 

1932. 

Increase. 

Decrease. 


Tons. 

Tons. 

Tons. 

Tons. 

Assam .... 

276,021 

210,036 

.. 

64,986 

Baluchistan .... 

16,664 

18,928 

2,374 


Bengal. .... 

5,810,184 

5,782,603 


27,581 

Bihar and Orissa . 

13,632,794 

11,847,216 


1,685,578 

Central India 

226,928 

240,488 

13,660 


Central Provinces . . . ^ 

1,004,391 

1,163,096 

158,705 


Hyderabad . 

767,676 

781,121 

23,546 


Punjab . . . . j 

54,840 

72,867 

18,017 

. . 

Bajpotana .... 

38,148 

37,043 

1 


1.105 

Total 

21,716,435 

26,153,387 

216,202 

1,779,250 


Tablb 6. — Value of Coal produced in India during the years 1931 

and 1932. 


— 

1981. 

1932. 

Value (£l-£a. 18-6). 

Value 

per 

ton. 

Value (£1 -= 

Rs. 18-8). 

Value 

per 

ton. 


Be. 

£ 

£8. A. P. 

Re. 

£ 

Bb. a. p. 

Awam .... 

31,02,094 

229,785 

11 4 5 

22,70,039 

170,680 

10 12 11 

Baluobistan . 

1,84,290 

9,048 

8 1 9 

1,49,385 

11,282 

7 14 3 

Bengal .... 

2,21,08,189 

1,642,088 

8 18 1 

1,88,07,830 

1,414,085 

8 4 0 

Bihar and Orissa 

4,87,78,146 

3,613,196 

3 9 8 

3, 78, 23, 891 

2,843,9Q1 

8 3 1 

Central India 

9,70,829 

71,876 

4 4 5 

10,06,944 

75,710 

4 3 0 

Central ProvlnccB . 

40.68,974 

801,405 

4 0 10 

44,41,806 

388,977 

8 13 1 

Hyderabad (e) 

80,61,779 

226,798 

4 0 8 

30,63,495 

280,388 

8 14 9 

Puniab .... 

2.60,067 

10,685 

4 13 4 

3,83,155 

28,809 

5 4 2 

Bajptitana 

1,49,491 

11,078 

8 14 8 

1,50,469 

11,818 

4 1 0 

Total 


6,126,864 


6,80.96.604 

6,120,045 

•• 

Average 



8 12 11 

i 



8 6 1 


(•) BMiwtod. 
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TiLBiiB 7 . — Origin of Indian Coal raised during the years 1931 and 

1932. 


— 

Average of 
last five 
years. 

1931. 

1932. 

Gkmdwaiuk ooalfieldB 

Tertiary coalfields .... 

Tons. 
22^98,726 
413,969 1 

Tons. 

21,331,872 

384,663 

Tons. 

19,814,624 

338,863 

Total 

22,712,685 j 

21,716,425 

20,152,387 


Table 8. — OiUput of Oondwana Coalfields for the years 1931 and 

1932. 



1931. 

1932. 

” — ' 

Tons. 

Per cent, 
of Indian 
total. 

Tons. 

Per cent, 
of Indian 
total. 

Bengal^ Bihar arid Orissa^ 





Bokaro .... 

1,666,697 

7-63 

1,348,973 

6-69 

Daltonganj . 

411 

000 

. . 

Glridih .... 

713,133 

3-28 

6*83,243 

2-90 

Jainti .... 

60,178 

0-23 

43,163 

0-21 

Jharia .... 

9,766,037 

44-92 

8,561,283 

42-43 

Earanpura 

Eajmahal Hills 

461,678 

2-13 

409,566 

2-03 

1,699 

0-01 

1,600 

0-01 

Bampur (Raigarh-Hingir) 

31,220 

0-14 

19,498 

0-10 

Baniganj 

6,630,713 

30-07 

6,419,007 

31-86 

Talober 

142,312 

0-66 

253,686 

1-26 

Central India — • 





Sohagpur 

143,607 

0-66 

166,196 

0-82 


83,821 

0-38 

74,293 

0-37 

Central Frovincea--* 





Ballarpor 

223,026 

1-03 

217,421 

1-08 

Korea .... 

31,861 

0-14 

113,858 

0-66 

Fenoh Valley 

760,016 

3-46 

831,817 

4-13 

Hyderabad — 

63,417 




Saatt .... 

0-26 

61,184 

0-30 

Singareni 

1 (0)704,168 

3-24 

593,466 

2-96 

Tandar .... 

•• 

•• 

126,471 

0-63 

Total 

2M31,872 


19,814,524 

98-32 


(a) InohidM prodnotion bom Tandur coalfield, not ceparaMy reported, 
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Table 9 . — Output of Tertiary Coalfields for the years 1931 and 1932. 



1931. 

1932. 

- 


Per cent. 


Per cent. 


Tom. 

of Indian 

Tom. 

of Indian 



total. 


total. 

Assam — 





Khali and Jaintia Hillfl . 

743 


1,233 


Makum 

239^16 

y 1-27 

170,399 

[38,403 

V )-04 

Naga Hillfl 

34,963 

J 

J 

Baluchistan-^ 





Khost .... 
Sor Bange, Mach, Kalat . 

3,821 

[12,733 

1 008 

6,297 

13,631 

j lOIO 

Punjab — 





Jhelum .... 

127,386 


[32,627 


Mianwali 

L22,831 

V 0-26 

30,792 

y 0-30 

Shahpnr 

Rajputana — 

L4,623 

[38.148 

J 

, 9,638 

J 

. Bikaner 

018 

, 37,043 

018 

Total 

384,563 

h78 

338,863 

1-68 


The development of an iron and steel industry in India on 
modem lines has led to the erection of several plants for the manu- 
facture of hard coke of metallurgical quality, and it has therefore 
become a matter of general interest to know the proportion of the 
total annual output of coal in India that is utilised in the manu- 
facture of hard coke. 

The figures for 1931 and 1932 are shown in the table 10. 

Table 10. — Quantity of Hard Coke produced in India in the years 

1931 and 1932. 


— 

1931. 

1932. 

Goal used 

Hard ooke manufactured 

Percenfa{ie recovery ....... 

Source of coal used — 

<Tharia field ... ... 

Qiridih field 

Bokaro field 

Raniganj field 

Total 

rjOtll USM/l //If* 

Tons. 

1 1,754,469 

1,309,308 

Tons. 

1,635,972 

1,214,626 

74-74 

74-72 

1,697,681 

33,209 

21,123 

12,466 

1,686,733 

32,724 

4,637 

12,878 

1,754,469 

1,635,972 

jtir w/Kiny 

Three iron and itool companies .... 
Othew 

l,341,06fi 

413,414 

1,322,969 

318,003 
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In xeveiaal of 1930 and 1931, the espoit etatiatioa for coal dur- 
ing 1932 show an iuorease, amounting to about 78,500 tons {ue 
Table 11). Exports to Hongkong inoreased greatly from 89,127 
tons in 1931 to 218,638 tons in 1932. As the exports to Ceylon 
fell from 281,684 tons in 1931 to 190,237 tons in 1932, Hongkong, 
for the first time, became the leading importer of Indian ooaL 
Exports to the Straits Settlements (including Labuan) decreased by 
some 16,000 tons, whilst those to the Philippine Islands and Guam 
showed an increase of about 7,0(K) tons. The United Kingdom 
took 32,699 tons against 10,785 tons in the previous year and other 
countries absorbed about 28,000 tons more. The export of coke 
decreased by 332 tons. 


Table 11. — Exports to foreign ports of Indian Coal and Coke during 
the years 1931 and 1932. 




1931. 



1082. 



Quantity. 

Value (£1-Sa. 18-6). 

Quantity. 

Value (£1 * 

-lU. 18-3). 


Tons. 

Be. 

£ 

Tons. 

Bj. 

£ 

Ceylon .... 

281,084 

84,20,682 

268,884 

190,287 

22,63,725 

170,206 

Hongkong .... 

89,127 

8,16,628 

60,401 

218,688 

17,84,610 

180,422 

Philippine Islanda and Guam . 

21,770 

1,80,679 

18,884 

29,048 

2,68,826 

19,047 

Straits Settlements (Including 
Labuan). 

20,822 

8,08,992 

22,888 

18,068 

1,88,862 

10,027 

United Kingdom . 

10,786 

94,062 

6,967 

82,699 

8,72,968 

28,041 

Other countries 

6,276 

66,245 

4,907 

88,864 

8,79,048 

28,667 

Total 

488,968 

48,87,288 

862,021 

617,529 

61,37,909 

886,800 

Coke 

2,286 

46,437 

3,866 

1,964 

88.966 

2,929 

Total of eoal tad aoka 

441,849 

49,32,726 

386,387 

619,488 

51,76,864 

389,238 


The following table gives the amounts of different grades of 
coal exported during 1931 and 1932 under the Indian Coal Grading 
Board’s scheme (including sea-borne coal for railways in Southern 
India, for which no grade shipment certificates were issued by the 
Coal Grading Board) and shows an increase of 40,531 tons in the 
present year, the difference between the total amounts so exported 
(2,209,085 tons in 1932) and the total exports of Indian coal to 
foreign ports given in Table 11 (617,529 tons in 1932) being the 
amount of coal e^>orted to Indian ports. 
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Table 12, — Exports of Coal under Grading Board Certificates during 
the years 1931 and 1932, 


— - 

1931. 

1932. 

Selor’ted grade ....... 

Tons. 

1,980,021 

Tuns. 

1,987,808 

Grade I ........ 

185,067 

211,534 

Grade II 

2,271 

6,120 

Mixed grade ........ 

1,195 

3,623 

Total 

2,168,554 

1 

2,209,085 


Imports of coal and coke showed during 1932 another substan- 
tial fall, namely from 88,035 tons in 1931 to 47,544 tons in 1932 ; 
13,912 tons of the latter consisted of coke (see Table 13). This 
fall is due mainly to a decrease of some 30,000 tons from South 
Africa, and of 9,000 tons from the United Kingdom. The total 
imports are now about a tenth of those of the pre-war quinquen- 
nium and Table 14 comparing pre-war imports and exports with 
the figures from 1926 to 1932, shows that the depression in the 
Indian coal industry, which was accentuated in 1932, cannot be 
ascribed to the competitive effect of foreign imported coal. The 
average surplus of expoits over imports during the years 1926 to 1932 
was, in fact, greater than the surplus during the pre-war quin- 
quennium. 


Table 13 . — Imports of Coal and Coke during the years 1931 and 

1932. 


— 

1981. 

1982. 

Quantity. 

Value (£1- 

-Hs. 18-6) 

Quantity. 

Value (£1-Ba. 18-3). 


Tone. 

Rs. 

£ 

Tons. 

Be. 

£ 

From — 







Australia .... 

8,i00 

74,690 

6,626 

4,070 

08,760 

7,060 

United Kingdom 

27,920 

6,27,640 

46,484 

18,606 

4,05,487 

80,468 

Union of South Africa 

89,441 

6,74,025 

49,928 

8,620 

1 ,20,860 

0,049 

Other eountricM 

5,826 

84,422 

6,268 

2,487 

40.402 

8,044 

XOTAIi 

76,086 

14,60,677 

108,190 

88,632 

6,60,089 

49,631 

Coke 

11,949 

3,28,212 

28,942 

13,012 

3,46,276 

26,036 

Total of coal and ooka 

88, OSS 


132,132 

1 

47.M4 

10,03,394 
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Table 14. — Excess of reports over imports of Coal. 


— 

Exporta. 

Importa. 

Excess of 
exports over 
imports. 

Averttge for 1909' 13 

Tons. 

814,476 

Ions. 

466,162 

Tons. 

348,313 

1926 

617,663 

193,908 

423,666 

1927 

676,167 

243,603 

332,664 

1928 

626,343 

210,186 

416,167 

1929 

726,610 

218,660 ' 

608,060 

1930 

461,188 

217,029 

244,169 

1931 

441,249 

88,036 

363,214 

1932 

619,483 

47,644 

471,939 


The average number of persons employed in the coalfields dur- 
ing the year showed a smaller decrease (4*4 per cent.) than the 
decrease in production (7*2 per cent.). The average output per 
person employed, therefore, showed a decrease to 121*7 tons in 
contrast with the advances up to 1930, which have been 110*6 tons 
for 1926, rising to 113*1 tons for 1926, 122*3 tons for 1927, 126*6 
tons for 1928, 130*4 tons for 1929, and 129*1 tons for 1930, with 
a decrease to 126*4 tons in 1931. Except for the last five years, 
however, the figure for the year under review is still higher than 
those previously recorded ; these higher figures are due, partly to 
an increased use of mechanical coal-cutters, and partly to concen- 
tration of work. During the past few years a large number of 
collieries have been shut down and the labour absorbed in the 
remainder ; this concentration permits of a proportional reduction 
of the supervising staff, resulting in a larger tonnage per head. 
There was a decrease in the number of deaths by accident from 
196 in 1931 to 164 ; the latter figure is much better than the annual 
average for the quinquennium 1919-1923, which was 274, and 
also below the annual average for the quinquennium 1924-1928, 
which was 218. The death rate was 1*0 per thousand persons 
employed in .1932, a little less than the figure for the previous year 
(1*1); the average figure for the period 1919-1923 was 1-36, and 
for the period 1924-1928 was 1*16, 
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Tablb 16. — Average number of persons employed daily in the Indian 
Coalfields during the years 1931 and 1932. 


— 

1931. 

1932. 

Output 
per 
person 
employed 
in tons. 

Number 

of 

deaths 

by 

accident. 

Death 

rate 

per 1,000 
persons 
employed. 

Assam 


3,633 

2,276 

92*3 

7 

3-1 

Balnohistan 


261 

264 

71-7 

, . 


Bengal . 


44,642 

43,423 

Ha 

44 


Bihar and Orissa 


102,116 

96,082 


86 

0-9 

Central India . 


1,861 

2,108 

l9 

2 


Central Provinces 


9,138 

10,221 

113-8 

13 

1-3 

Hyderabad 


10,601 

10,763 

72-6 

11 


Punjab . 


086 

1,316 

66-4 

1 


Raj ptj tana 


149 

126 

294-0 

•• 

•• 

Total 

• 

173,175 

165.567 

•• 

164 

•• 

Average 

• 

•• 

•• 

1217 

•• 

10 


Cobalt {see Nickel). 

Copper. 

The progress of work at the Mosaboni Mine of the Indian Copper 
Corporation, Ltd., in the Singhbhum district, and on the milling 
and smelting plant at Maubhandar, near Ghatsila, Bengal Nagpur 
Railway, has been noticed in previous reviews. Operations com- 
menced on a revenue basis on January Ist, 1929. During that 
year the ore produced amounted to 76,831 long tons valued at 
Rs. 14,68,746 (£108,862). Of this 76,174 short tons were treated 
in the noill and smelter, with the production of 1,636 long tons of 
refined copper ingots and slabs. The copper was sold entirely in 
India at an average price of Rs. 1,200 per long ton. In 1930 the 
output increased to 123,749 long tons of copper-ore valued at 
Rs. 24,36,671 (£180,413). Of this 134,162 short tons were treated 
in the mill and smelter and 1,626 short tons sent direct to the smelter 
with the production of 2,974 long tons of refined copper of which 
2,167 tons were sold in the Indian market and 640 tons were con- 
sumed in the new roUing mill, which was completed in July 1930, 
with the production of 712 tons of yellow metal (brass) sheet, which 
found a ready market in C^cutta, 


9 ? 
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In 1931 the mine output web 163,636 long tons of copper-ore 
valued at Rs. 22,71,940 (£168,292). 161,663 short tons of ore 

were treated for a production of 4,069 long tons of refined copper. 
1,668 tons of this were sold in the Indian market at an average 
price of Rs. 673 per ton. In addition there was a production of 
3,637 tons of yellow metal, the average selling price in India being 
Rs. 719 per ton. 

Operations continued nninterrnptedly during the year 1932 at 
the Mosaboni Mine and at the works site at Maubhandar. The 
mine output increased to 175,010 long tons of copper-ore valued at 
Rs. 26,09,080 (£188,652). 185,894 short tons of ore were treated 

in the mill and the production of refined copper amounted to 4,443 
long tons. 3,441 tons were consumed in the rolling mill and 1,312 
tons were sold in the Indian market at an average price of Rs. 689 
per ton. Operations in the rolling mill resulted in the produc- 
tion of 6,440 long tons of yellow metal, of which 4,830 were sold 
in India at an average price of Rs. 667 per ton. 

The total ore reserves at the close of the year 1932 amoimted 
to 700,466 short tons with an average assay value of 3’053 per cent, 
of copper. 

There was a considerable decrease in the production of copper- 
matte at the Namtu smelting plant of the Burma Corporation, 
Limited, from 13,437 tons valued at Rs. 32,25,003 (£238,889) in 
1931, to 9,729 tons valued at Rs. 19,81,499 (£148,985) and averaging 
44*32 per cent, of copper, 26*36 per cent, of lead, and 83*73 ozs. 
of silver to the ton. 

In addition 366 tons of copper-ore valued at Rs. 6,900 (£619) were 
produced in the Nellore district, Madras. 

Diamonds. 

The production of diamonds in Central India rose from 639 
carats valued at Rs. 34,683 (£2,569) in 1931, to 1254*1 carats valued 
at Rs. 72,189 (£5,428) in 19.32. Of this latter production 1152*1 
carats were produced in Panna Btate and the remainder in Char- 
khaii, Ajaigarh, and Bijawar. 


Gold. 

There was a trivial fall in the total Indian gold production 
from MO, 488*8 oa. valued at Rs. 2,08,01,943 (£1,540,885) in 1931, 
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to 329,681*7 ozs. valued at Rs. 2,63,51,438 (£1,9<16,123) in 1932. 
There was again a small production from Singhhbum, and as in the 
previous year small outputs from Burma, the Punjab and the 
United Provinces. But these figures are, of course, quite insigni- 
ficant compared with the output of Kolar which makes up 99-97 
per cent, of the Indian total. The considerable increase in the 
value of the production is due to 1932 being the first full year since 
Britain and India abandoned the gold standard in September, 1931, 
with conse ijuent appreciation in price of gold, against sterling or 
rupees, a result of this appreciation in the price of gold, 9,666,122 
oza. of gold reckoned in terms of fine gold were exported during 
1932. The value was Rs. 75,87,52,203 (£57,049,038). 

Of the five mines that were producing gold on the Kolar goldfield, 
the Balaghat Gold Mine was, owing to unfavourable development in 
depth, sold on the 1st May 1932, to the Nimdydroog Mines, Ltd., the 
latter company undertaking to mine and treat the ore reserves 
remaining in the Balaghat Mine. The Champion Reef and the Ooregum 
Mines, the two deepest on the field, reached vertical depths of 
7,330 ft. and 7,149 ft. respectively below field datum on the 31st 
December, 19?2. The developments in depth have disclosed the 
continuity of the reef, and shoots of payable ore of small dimensions 
have been opened up. In these deep levels the dip of the reef is 
almost vertical. The ore is not refractory and, yields its gold to 
blanket concentration and cyaniding ; ‘ all-sliming ‘ practice is 

becoming general. The concentrates are pan- or plate-amalgamated. 
The rocl^' temperature at the 76th level Champion Reef Mine was 
126*8" F. and at the 70th level Ooregum Mine was 124-2'^F. Owing 
to the great deptlis of these mines and the consequent high tem- 
peratures, the maintenance of adefjuate ventilation at the working 
places continues to be an extremely difficult problem. It has been 
partly solved by sinking deep smooth-lined vertical or eliptical 
shafts and by an extensive use of large electrically -driven fans in 
the course of the main air currents. The shafts and winzes in the 
low^er levels are all brick- or concrete-lined and * as such assist the 
free movement of air by reducing friction to a minimum. In 
spite of the more rigid forms of support such as packs of masonry 
and concrete, and sand filling, rockbursts continue to occur causing 
considerable damage to person and property. 

The average number of persons employed on the Kolar Gold 
Field during 1932 was 18,816. 



270 


Records of the Oeologiocd Survey of India. [Vol. LXVII. 


Tablv Quantity and value of Gold* produced in India during 

the years 1931 and J932. 



1081. 

1982. ' 

Labour 
in 1082. 


Qnaiitlty. 

Value (£1-Be. lS-5). 

Qoantlty. 

Valae (£1-B«. 18'S). 

Bihar and 
Oritta— 

Ou. 

Be. 

£ 

On. 

Es. 

£ 


Singhbhtim 




600 

8,650 

274 

4 

Burma—- 








Kathn . 

18-8 

1,006 

76 

18-2 

060 

72 

2 

Upper Ohlnd- 
wln. 

180 

960 

71 

28-4 1 

2,640 

199 


Myion 

830,487-6 

2,07,99,181 

1,640,676 

829,674-0 

2,53.48,448 

1,905,622 

18,816 

Punjab 

100 

688 

43 

6-6 

480 

86 

47 

United Prornncee 

4-5 

264 

20 

3-6 

266 

20 

28 

Total 

330.488*8 

2,08,01,943 

1,640,886 

889.681*7 

2,63,61,438 

1,906,123 

18,802 


* Fine ounces in the case of Mysore. 


Ilmenite. 

There was a large increase in the production of ilmenit^ in 
Travancore State from 36,166 tons valued at £41,991 in 1931, to 
50,062*6 tons valued at £68,134 in 1932. This mineral occurs in 
the monazite sands and, up to a few years ago, was looked upon 
as a bye-product of the monazite industry. The monazite sands 
have been worked continuously since 1911, but it was not imtil 
1922 that the export of ilmenite commenced, since when the pro- 
duction of the mineral has expanded almost continuously, so that 
in both quantity and value the production of ilmenite is now much 
more important than that of the associated minerals monazite 
and zircon. This steady increase in the output of ilmenite is due 
to the demand for its contents of titanium dioxide in the manu- 
facture of titanium paints. 

In value in 1932 ilmenite had advanced to the position of six- 
teenth in the list of India’s mineral products. 

Iron. 

For some years up to and including 1929 the production of 
iron-ore in India had been steadily increasing ; India is now, in fact, 
the second largest producer in the British Empire, and yields place 
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only to the. United Kingdom, Her output is of course still complete- 
ly dwarfed by the production in the United States (over 69 million 
tons in 1930 and 31 million tons in 1931) and France (48 and .38 
million tons in 1930 and 1931, respectively) ; but her reserves of ore 
are not much less than three-quarters of the estimated total in the 
United States, and there is every hope that India will eventually 
take a much more important place among the world s producers of 
iron-ore. In 1930, however, the prevailing depression was re- 
flected in a decrease in the Indian output over the previous year 
of 23*8 per cent, amounting to 578,930 tons, followed by a further 
fall of 224,742 tons (12*1 per cent.) in 1931. In 1932, however, 
in spite of the continuance of the depression there was a partial 
recovery in the production of iron-ore in India of 135,618 tons 
(8*3 per cent.). It will be seen later, however, that there were 
further falls in the output of pig-iron and steel. The figures shown 
against the Keonjhar and Mayurbhanj States in Table 17 represent 
the production by the United Steel Corporation of Asia, Ltd., and 
the Tata Iron and Steel Co., Ltd., respectively. Of the total 
production of 666,874 tons shown against Singhbhum, 628,370 
tons were produced by the Tata Iron and Steel Co., Ltd., from their 
Noamundi mine, and 138,604 tons by the Indian Iron and Steel 
Co., Ltd., from their mines at Gua. The output of iron-ore in 
Burma is by the Burma Corporation, Limited, and is used as a 
flux in lead smelting. 


Tablb 17. — Quantity and value of Iron-ore 'produced in India during 

the years, 1931 and 1932. 




1981. 



1082. 



Quantity. 

Value (£1--Ba. 18-5). 

Quantity. 

Value (£1-Ka. 13-8). 


Tons 

Ea. 

£ 

Tons 

Es. 

£ 

Bihar and Oriisa — 




186,178 



Keonjh&r .... 

109,841 


8,136 

1,86,178 

18,996 

160,448 

MayurbhADj 

901,246 


200,277 

891,198 

21,88,961 

Purl .... 

9 

12 

1 

7 


, , 

Sambalpur 




50 

4 

Binghbbafn 


12,66.3£6 

0*8,728 

666,874 

15,51,217 

116,688 

Burma — 







Northern Shan States . 

1,686 

7,544 

550 

6,560 

26,240 

1,978 

Central Pronincte . 

768 

2,280 

170 

808 

2.409 

181 

Mairae-^ 







Bast Godavari . 

4,820 

2,597 

182 

4,496 

4,456 

15,268 

886 

Mytore State 

18,519 

67,891 

4,902 

4,895 

1,148 

Totat^ 

1,SSM88 

41,58.787 

888,858 

l^TOMOl 

99,19, 7$9 

294,790 
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In contrast with the preceding year there was a fall in the 
total output of iron and steel by the Tata Iron and Steel Co. at 
Jamshedpur. The production of pig-iron fell from 799,545 tons 
in J931 to 699,931 tons in 1932, with decreases in the production of 
steel (including steel rails) from 439,134 ions in 1931 to 430,333 
tons in 1932, and of ferro-manganese from 14,366 tons in 1931 to 
366 tons in 1932. As in 1931, there was no production of pig-iron 
by the Bengal Iron Co. ; their output of products made from pig- 
iron in 1932 amoimled to 3,371 tons of sleepers and chairs, and 
17,266 tons of pipes and other castings, against 28,211 tons and 32,760 
tons, respectively, in 1931. The Indian Iron and Steel Co. de- 
creased their production of pig-iron from 243,21^ tons in 1931 
to 198,700 tons in 1932. The output of ])ig-iron by the Mysore 
Iron Works fell from 15,577 tons in 1931 to 14,683 tons in 1932. 
The total production of pig-iron in India fell from 1,058,336 tons 
in 1931 to 913,314 tons in 1932 and is shown in Table 18. 


Table 18 . — Prodvction oj Pig-iron in India dvr 'ng the years 1931 

and 1932. 



1931. 

1932. 


Tons. 

Tons. 

The Tata Iron and Stool Company, Limited 

The Indian Iron and Steel Company, Limited . 

The Mysore Iron Works ...... 

799,545 

243,214 

15,577 

099,931 

198,700 

14,683 

Total 

1,058,336 

913,314 


The total number of indigenous furnaces that were at work 
in the Central Provinces during the year 1932 for the purpose of 
smelting iron-ore was 118 against 106 in the previous year; 69 
furnaces were operating in the Bilaspur district, 61 in Mandla, 3 in 
R^pur, 1 in Saugor, 3 in Drug, and none in Jubbulpore. 

The decrease in the production of pig-iron in India recorded 
above was accompanied by a fall in the quantity exported from 
318.994 tons in 1931 to 250,137 tons in 1932. Table 19 shows that 
Japan is still the principal consumer of Indian pig-iron, but the 
proportion fell from 49 per cent, in 1931 to 41*6 per cent, in 1932, 
whikt the actual amount fell by 34 per cent* Exports to all other 
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countries feH substantially except to United Kin^^d( m to which a rise 
of about 65 per c(*nt. (33,732 tons) took place. The ex]iort value 
per ton of pig-iron varied slightly from Rs. 35*1 (£2*6) in 1931 to 
Rs. 34-8 (£2*62) in 1932. 

The Steel Industry (Protection) Act, 1924, Act No. XIV of 
1924, authorised, to companies employing Indians, bounties upon 
rails and fishplates wholly manufactured in British India from 
material wholly or mainly ])roduced from Indian iron-ore and com- 
plying with specifications approved by the Railway Board, and 
upon iron or steel railway wagons, a substantial portion ol the 
component parts of which had been manufactured in Biitish India. 
This Act was repealed by the Act No. Ill of 1927 and the payment 
of bounties consequently ceased on the 31st March 1927 ; the in- 
dustry is, how^ever, protected to a certain extent by varying tariffs 
on different classes of imjiorted steel. 


Table 19. Exports oj Pig-iron from India doting the years 1931 

and 1932. 




1931 

1 


1932. 



Quantity 

Value (£1-B8 13 6) 

Quantity. 

Value (£l-=Ba 18-8). 

To— 

Tons 

Rs 

£ 

Tons 

Rs. 

£ 

ChiUA 

17,740 

6,24,445 

40,265 

14,417 

6,06,948 

38,116 

Oormany 

14,382 

6,01,671 

37,161 

8,848 

2,91,228 

21,890 

Japan 

167,116 

65,32,337 

409,803 

103,724 

36,81,496 

29,97,467 

269,285 

Unltod Kingdom 

61,600 

17,92,440 

132,773 

86,332 

226,874 

United Stato« of America 

60,123 

21,36,622 

166,706 

26,978 

9,45,946 

71,124 

Other Countricfl 

18,079 

6,37,062 

47,189 

11,388 

3,92,066 

29,478 

Total 

818,994 

1,12,03,467 

829,88b 

260,187 

87,16,136 

666,273 


Jadeite. 

There was a small increase in the output of jadeite, which rose 
from 2,765 cwts. valued at Rs. 7,72,860 (£57,249) in 1931, to 3,026-8 
cwrts. valued at Rs. 3,26,373 (£24,539) in 1932. The output figures 
are liable to be incomplete, and a more correct idea of the extent of 
the Burmese jadeite industry, especially of values, is sometimes 
obtainable from the export figures. Exports by sea rose from 2,500 
cwts. valued at Rs. 3,62,264 (£26,094) in 1931-32 to 3,664 cwts. 
valued at Rs. 3,77,178 (£28,369) in 1932. These shipments were 
entirely from Burma. Exporta from Burma by land during the 
year amounted to 110 cwts, only. 
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Lead 

The production of lead-ore at the Burma Corporation's Bawdwin 
mines in Burma decreased further from 397,679 tons in 1931 to 
372,686 tons in 1932, and the total amount of metal extaracted de- 
creased from 74,786 tons of lead (including 1,506 tons antimonial 
lead) valued at Rs. 1,28,88,270 (£964,687) in 1931, to 71,202 
tons of lead (including 642 tons of antimonial lead) valued at Rs. 
1,09,95,687 (£826,736) in 1932. The quantity of silver extracted 
from the Bawdwin ores rose slightly from 6,900,400 ozs. valued at 
Rs. 61,97,367 (£384,990) in 1931, to 6,998,966 ozs. valued at 
Rs. 62,32,915 (£468,640) in 1932. The value of the lead per ton 
fell from Rs. 172-3 (£12-8) to Rs. 164-6 (£11-6), whilst the value 
of the silver rose froih Rs. 0-14-1 (16-64(i.) to Re. 1-0-7 (18-76(i.) 
in the year under review. The ore reserves in the Bawdwin mine, 
as calculated at the end of June, 1932, totalled 4,126,179 tons, against 
4,233,120 tons at the end of June, 1931, with an average composi- 
tion of 25-4 per cent, of lead, 16-6 per cent, of zinc, 0-68 per cent, 
of copper, and 19-7 ozs. of silver per ton of lead. Included in this 
reserve are 37,000 tons of copper-ore. During the year development 
work in the Meingtha section, discovered in 1930, continued to 
yield satisfactory results. 


Magnesite. 

The output of magnesite from Salem district, Madras, and Mysore 
State, showed a great recovery towards its 1930 amount. The 
total increase amounted to 8,531 tons, accompanied by an increase 
in value of Rs. 46,407 (£3,444). 

Table 20. — Quantity and value of Magnesite produced in India^ 
during the years 1931 and 1932. 


— 

1931. 1 

1932. 

Quantity. 

Value (£1=R». 13-6). 

Quantity. 

Valae (£l..=Bs. 18-3). 

Madras — 

Tons. 

Ks. 

£ 

Tons. 

Rs. 

£ 

Salem . 

4,978 

21,640 

1,596 

13,492 

64,482 

4,848 

Mysore State . 

355 

6,808 

430 

372 

8,273 

622 

lOTJLL 

s,aia 

27,34S 

2,026 

ia,M4 

72,766 

6,470 
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Manganese. 

Before the year 1926, the record production of manganese-ore 
in India took place in 1907, when 902,291 tons were raised. In 
1926, the output rose to 1,014,928 tons, valued at £2,463,491 f.o.b. 
Indian ports ; the rise in output was, however, accompanied by 
a decrease in value. In 1927 the production rose to the highest 
figure yet recorded, 1,129,363 tons, accompanied by a rise in value 
to the peak figure of £2,703,068 f.o.b. Indian ports. During the 
year 1928, the upward tendency was not maintained, the output 
falling to 978,449 tons valued at £2,198,896 f.o.b. Indian ports. 
In 1929, the output rose again slightly to 994,279 tons, but the value 
fell heavily to £1,671,030. In 1930 the output fell substantially 
to 829,946 tons with a heavy fall in value to £1,200,236. In 1931 
a still more serious fall took place, to 637,844 tons with a value of 
£726,954. This has been followed by a disastrous fall in 1932 to 
212,604 with a value of £140,022. This is the smallest quantity 
and value reported since 1904, when the output was 160,190 tons 
valued at £137,933. In 1906 the output was 247,427 tons valued at 
£223,432, since when the smallest production was 460,416 tons in 
1916 valued at £929,646 ; whilst the smallest value was in 1909 when 
a production of 644,660 tons was valued at £603,908. The full 
magnitude of this catastrophe to the Indian manganese industry is 
perhaps best realised from the fact that whilst the quantity of the 
production in 1932 was a little over one-fifth of that of the peak year 
of 1927, the value was less than one nineteenth of the value of the 
1927 production. In fact in none of the major Indian mineral 
industries have the effects of the slump been so seriously felt as in 
the manganese industry. 

The decrease of 1932, totalling 326,676 tons, was distributed over 
all producing districts, except Keonjhar State which showed an 
increase of some 6,000 tons, Vizagapatam district with an increase 
of some 2,700 tons, and North Eitnara with a trivial output 
against none in the previous year. Production ceased from the 
Panch Mahals, Belgaum, and Bellary. In the Central Provinces 
the production fell from 302,344 tons in 1931 to 77,186 tons in 1932, 
which is the smallest output since 1901, in the infancy of the indus- 
try in the Central Provinces, when the output was 44,428 tons. 
During the year the majority of mines in the Central Provinces 
were closed including several in mines that had never been closed 
since the commencement of work in 1900 and 1901. 



276 


Records of the Geological Swrvey of India. [VoL. LXVII. 


In 1924, first-grade ore, c.i.f. United Kingdom ports, fetched an 
average price of 22-9df. per unit, in 1926 this price fell to 21*5rf., 
m 1926 to 18*4d., in 1927 to IS-ld., in 1928 to 17*0d., with a heavy 
fall in 1929 to an average price of 14*0d. per unit. In 1930 the 
price fell to 13'lrf. per unit, that is to the post-war lower governing 
price of manganese,^ with an index figure of cost of supplies and 
services of 1*46, in 1931 to ll*8d. and in 1932 to 9*6(i. per unit. 
This continued fall in the price of manganese-ore from 1924 to 1931 
is to be correlated with the fact that from 1924 to 1927 the rate of 
increase of the world’s production of manganese-ore was much 
greater than the rate of increase in the world’s production of pig- 
iron and steel. And although there was a fall in the w^orld’s output 
of manganese-ore in 1928, there was a very large increase in 1929, 
greater than was justified by the increased production of iron and 
steel in that year, and it is evident that the world’s available sup- 
plies of manganese-ore are now much in excess of requirements. 
Russia, by non-economic methods of exploitation and finance, is 
able to place large quantities of ore on the market at a price well 
below both the critical figure of 13- Id. referred to above and also 
below any revised figure allowing for the fall in index figures. During 
1932 the price of Russian ore fell from 9 to 9^. c.i.f. at the beginning 
of the year to 8J to 9d. c.i.f. per unit at the end of the year, a figure 
with which India cannot compete without a return to pre-war 
railway freights and pre-war labour charges. The Indian trade has 
accordingly sufEered severely. The large deposits of high-grade 
manganese-ore discovered near Postmasburg in South Africa arc 
also being developed, and it may be anticipated that eventually 
South Africa will secure a substantial portion of the world’s market, 
although production from this field was suspended during 1932. 
It is not surprising, therefore, that in spite of the apparent pros- 
perity of the Indian manganese industry in 1929 and 1930 as judged 
from figures of production and export, yet by 1930 the industry as 
a whole had arrived at a stage of relative depression, causing many 
operators to cease work. Added to increased available supplies 
tWe has been in 1931 and 1932 the disastrous decline in the acti- 
vities of the iron and steel industry of the world, illustrated by a 
decline from the peak figure of 122 million tons of steel in 1929 to 
about 70 million tons in 1931 and only 60 million tons in 1932.* 


1 See S«c. GmU. 8urv. Ind., Vol. LXIV, p. 192 (1930). 
* MMng Jaumalt 11th February, 1933, p. 14. 
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The present chief sources of production of manganese-ore are 
now India, Russia, the Gold Coast, South Africa, and Brazil, whilst 
substantial supplies of ore are forthcoming from Egypt and 
Czechoslovakia. 

There is a steady consumption of manganese-ore at the works 
of the three principal Indian iron and steel companies, not only for 
use in the steel furnaces of the Tata Iron and Steel Company, and 
for the manufacture of ferro-manganese, but also for addition to the 
blast-furnace charge in the manufacture of pig-iron. The consump- 
tion of manganese-ore by the Indian iron and steel industry in th(‘ 
year under review amounted to 19,047 tons, against 53,037 tons in 
1931. 


Table 21. — Quantity and value of Manganese-ore 'produced in Indict 
during the years 1931 and 1932. 


— 

1931, 

1932. 

Qnantitv. 

Value f.o.l*. 
at Indian 
ports. 

Quantity. 

Value f.o.b. 
at Indian 
ports. 

Bihar and Orissa— 

Tons. 

£ 

Ton**. 

£ 

Keonjbar State . 

39,666 

40,987 

44,908 

23,296 

Singhbhum 

7,938 

12,370 

2,272 

2,300 

Bombay — 





Belgaum .... 

474 

739 

, . 

, . 

North Kaaara . 

. . 

. , 

612 

1 620 

Panoh MahalA . 

31,184 

48,895 

•• 


Central Provinces — 





Balsghat .... 

119,466 

198,116 

.36,762 

40,132 

Bhandara 

82,999 

137,640 

10,918 

11,919 

Chhindwara 

16,404 

27,203 

10,041 

10,961 

Nagpur .... 

83,475 

138,429 

19,466 

21,249 

Madras — 





Bellary .... 

44 

34 



Sandur State 

149,833 

11 7, .369 

79,023 

26,176 

Vizagapatani 

6,389 

4,070 

8,049 

3,169 

Mysore^ 





Ghitaldmg 

426 

361 

219 

79 

Shimoga .... 

648 

462 

336 

121 

Total 

537,844 

726, 9o4 

212,604 

140,022 
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Exports, including the quantities exported from Mormugao in 
Portuguese India, fell from 417,967 tons in 1931 to 301,262 tons in 
1932. Table 23 shows the distribution of manganese-ore exported 
from British Indian ports (excluding Mormugao) during 1931 and 
1932, from which it will be seen that as in 1931, France with a small 
decrease of some 6,600 tons, was the chief importer of Indian 
manganese-ore. The second place as importer was held by the United 
Kingdom with a decrease of some 7,000 tons. Belgium again diowed 
a substantial decrease amounting to some 16,000 tons, and the 
Netherlands of 1,500 tons, whilst the exports to the United States 
of America, one of India’s principal markets for manganese-ore, 
ceased completely. In contrast to the above decreases other 
countries increased their takings by about 19,000 tons. 


Table 22. — Exports of Manganese-ore during 1931 and 1932 
according to ports of Shipment. 


— 

1931. 

1932. 

Bombay .... 

Caloutta .... 

Madras ..... 
Mormugao (Portuguese India) . 

. 


Tons. 

58,145 

131,399 

3,200 

108,508 


Total 

417,957 

301,252 


Table 23. — Export of Manganese-ore from British Indian ports during 
the years 1931 and 1932. 



1981. 

1 

1082. 


Quantity. 

Value (£1-] 

BLs. 18-6). 

Quantity. 

Value (£1 —Ka. 18-8). 

To-— 

United Kingdom 

Tow. 

Bs. 

£ 

Tow. 

Be. 

£ 

61,818 

17,62,686 

182,788 

64,807 

16,45,176 

116,170 

Germany , 

4,240 

1,28,770 

0,580 

1,066 

10,874 

1,404 

Nettierlanda 

8,500 

1,20,875 

0,688 

2.000 


8,760 

Beigliim 

41,600 

12,77,475 

04,628 

25,402 

7,80,646 

66,618 

Fraaoe 

00,006 

20,48,810 

1 

161,856 

88,621 

16,66,700 

160,185 

United Statef of 

America. 

Otber Ooniktriflfl . 

88,070 

11,70,800 

86,726 

1 


.. 

7,015 

1,77,200 

18,188 

26,868 

6,74,628 

48,206 

TOTAL 

M6,H7 

97,19,677 

497, 75S 

1IS.744 

49,86,116 

670,S8S 
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Mica. 

There was a small fall in the declared production of mica from 
38,963 cwts. valued at Rs. 20,37,634 (£160,935) in 1931, to 32,713 cwts. 
valued at Rs. 14,35,401 (£107,926) in 1932. As has been frequently 
pointed out, the output figures are incomplete, and a more accurate 
idea of the size of the industry is to be obtained from the export 
figures. In the years 1926 and 1927 the export figure was approxi- 
mately double the reported production figure, whilst in the years 
1928 and 1929 the quantity expoited was more than double 
the reported production. In 1930 the recorded exports were, 
however, only some 67 per cent, in excess of the reported produc- 
tion, in 1931 only 36 per cent., and in 1932 only 43 per cent, in 
excess. This may mean that the Act referred to in the third para- 
graph is now beginning to produce a definite effect. This will be 
conclusively proved only by statistics over a period of years. 

The United States of America and the United Kingdom, which 
are the principal importers of Indian mica, absorbed respectively 
23*4 per cent, and 43*2 per cent, during 1931, and 24-0 per cent, 

and 47*6 per cent, during 1932. Germany took 7-2 per cent, and 

10*6 per cent, respectively, of the total quantities exported during 
the years 1931 and 1932. The average value of the exported mica 

decreased from Rs. 78*3 (£5*8) per cwt. in 1931 to Rs. 71*2 (£6*4) 

per cwt. in 1932. The exports fell from 52,966 cwts. valued at 
Rs. 41,48,768 (£307,316) in 1931, to 47,021 cwts. valued at 
Rs. 33,48,943 (£261,800) in 1932. This is the lowest total value 
recorded since 1915-16, when the value of the mica exports was 
£208,496. 

The difference between exports and productions is generally 
attributed to theft from the mines. If this be the only explanation 
we must assume that during the three years prior to 1930 there has 
been as much mica stolen as won by honest means. Early in 1928 
a bill was introduced into the Legislative Council of Bihar and Orissa, 
the purpose of which was an attempt to reduce the losses on this 
account by licensing miners and dealers ; the bill was, however, 
rejected. In March, 1930, however, a similar bill to regulate the 
possession and transport of, and trading in, mica was passed, and 
from the figures presented since 1930, as analysed above, it appears 
that this bill may already have produced a good effect. 
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Table 24 . — Quantity and value of Mica 'produced in India during 
the years 1931 and 193^. 



1981. 

1932. 


Quantity. 

Value (£1» 

Ka. 13-6). 

Quantity. 

Value (£1- 

Be. 18-3). 


Cwts. 

Es. 

£ 

Cwta. 

E8. 

£ 

Bihar and Orissa — 
Gaya . 

6,061 

3,21,283 

28,790 

8,597 

3,93,619 

99,505 

HaEarlbaRli . 

23,577 

13,43,216 

99,497 

15,500 

6,41,847 

48,269 

Monghyr 

92 

5,222 

387 




Madras — 

Nellore 

6,893 

3,41,094 

25,260 

.S,318 

3,82,056 

28,726 

Nllgirls 

66 

10,936 

810 

51 

7,869 

592 

Rajpvtana— 

AJmer-Morwara 

186 

10,884 

806 

177 

6,610 

490 

Jaipur State 

lOO 

5,000 

370 

70 

3,500 

263 

Total 

38,963 

20,37,634 

150,936 

39,718 

14,35,401 

107,925 


Table 26. — Quantity and value of Mica exported from India during 
the years 1931 and 1932. 



1931. 

1982. 


Quantity. 

Value (£1- 

Ea. 18-5). 

Quantity. 

Value (£1 - 

Be. 18-8). 


Cwts. 

BB. 

£ 

CwU. 

ER. I 

£ 

To— 

United Kingdom . 

22,891 

24,05,167 

178,160 

22,889 

( 18,60,262 

189,860 

Germany 

3,881 

2,00,981 

14,884 

5,018 

2,89,605 

18,008 

France 

4.810 

07,992 

7,269 

788 

87,719 

6,695 

United Statea of 

12,378 

7,18,550 

-99,226 

11,264 

6,44,669 

40,945 

America. 





Other Countries 

9.050 

7,26 128 

53,787 

7,667 

6,16,888 

46,888 

Total 

6M66 

41,43,768 

307,316 

irjm 

33,48,943 

251,800 


Monazite. 

The monazite indufitry of Travancore, which was moribund in 
the year 1925, when the reporteti production was 1 cwt, only, showed 
ai gTMi of revival in 1926, the output amounting to 64‘2 tons valued 
at £947. The production rose to 280 tons valued at £8,810 in 1927, 
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fell to 106*4 . tons vAlued at £1,242 in 1928, and rose again to 180 
tone valued at £1,800 in 1929. In 1930 the production fell again 
heavily to 14 tons valued at £140, but in 1931 rose again to 89*6 
tons, valued at £890, and in 1932 to 664-3 tons valued at £6,147. 
The decline of the industry from the high figures of 1919 to 1921 
is of course due to the supplanting of incandescent mantles for gas 
lighting by electricity. The increasing demand for ilmenite, oc- 
ouring with the monasite and hitherto regarded as a bye-product, 
may be the means of reviving the industry by rendering cheaper 
produetion poasible. 

Nickel. 

As a bye-pioduot in the melting operations of the Burma Cor- 
poration, Limited, at Namtu, in the Northern Shan States, there 
is now a regular production of niokel-speiss, which in 1927 amounted 
to 1,032 tons, in 1928 to 2,933 tons, in 1929 to 3,065 tons, and in 
1930 to 3,160 tons. In 1931 the output fell somewhat to 2,911 
tons valued at Rs. 6,73,973 (£49,924), rising again in 1932 to 3,580 
tons valued at Rs. 10,27,677 (£77,269), and containing 25*96 per 
cent, of nickel, 12*87 per cent, of copper, and 32*99 ozs. of silver 
to the ton. This speiss is shipped to Hamburg for further treat- 
ment. It contains from 3 to 4 per cent, of cobalt. 

Petroleum. 

The world’s production of petroleiun in 1926 amounted to nearly 
150 million long tons, of which India contributed 0*72 per cent. 
In 1927, this figure jumped to some 172 million long tons, of which 
the Indian proportion, on a practically stationary production, fell 
to 0*64 per cent. In 1928, there was another substantial rise in the 
world’s production, which reached the figure of over 181 million 
tons. In 1929, there was another jump to over 202 million tons, 
but in 1980 the world’s production fell to about 193J million tons, 
in 1931 to about 188 million tons, and in 1932 to about 180 million 
tons. The United States alone showed a fall greater than the total 
fall. Increases were shown by Roumania, Persia, Netherlands East 
Indies, Argentina, Trinidad, India, Germany, Czecho-Slovakia, Italy 
and Bolivia ; Roumania showed the largest increase. All other 
producers showed a decrease in production. The United States 
contributed 69*9 per cent, of the world’s supply in 1932, Russia 
11*9 per‘ cent, and Yenesuala 8*9 per cent. In 1928) India contri- 
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buted 0*64 per cent., winch fell to 0*60 per cent, in 1929 and rose 
1^0 0'62 in 1980, 0*63 per cent, in 1931 and 0*64 per cent, in 1932 ; 
her position on the list of petroleum producing countries fell from 
11th in 1929 to 12th in 1930, 1931 and 1932, her place being taken 
by Trinidad.^ 

The production of petroleum in India (including Burma) rose 
from 306,018,751 gallons in 1931 to 308,606,031 gallons in 1932, 
the highest production yet recorded, with the exception of the out- 
put of 311,030,108.- gallons in 1930. The increase in 1932 repre- 
sents the balance of a considerable increase in the output of Burma, 
a slight increase of that of the Punjab, and of a trivial proportionate 
decrease in the production of Assam. This increase in output in 
1932 was accompanied, however, by a decrease in value amounting 
to Bs. 83,44,212 (£661,614), or 12-8 per cent., the fall in price being 
a reflection of the world depression. 

The amount of gasoline or petrol produced from natural gas 
during the year was 7,632,910 gallons, of which 7,089,206 gallons 
were produced in Burma and 543,704 gallons in the Punjab. 

Production from Yenangyaung, the most highly developed field 
in the Indian Empire showed a decrease of 4,073,700 gallons, or a 
little over 3 per cent, of the 1931 total. It is interesting to note 
that the production in Yenangyaung still includes oil derived from 
the old Burmese hand-dug wells. This small volume of oil enjoys 
a sheltered market and the price at the river bank varied from 
Rs. 9 to Rs. 11 As, 4 per 100 visa during the year At the end of 
1932 there were 3,028 producing wells in the Yenangyaung field, 
mcluding 175 hand-dug wells, as against 3,096 producing wells, in- 
cluding 162 hand-dug wells, in 1931. 

An interesting feature of the year was the discovery of oil at the 
horizon of the 3,000 and 3,100-fect sands in East Twingon. For 
many years these horizons have been recognised as gas sands, but 
it now appears that the gas in them is a crestal accumulation on the 
higher portions of the structure. This discovery proved a narrow 
strip of oil within the Twingon Reserve and led to competitive 
deepening towards the close of the year. Development of this 
part of the field, both by extension tests and by a deep test well, 
was proceeding at the end of the year. At Minlindaung one of^^the 
two deep test wells was abandoned, while the other remained shut 
down. 

* compiled from * Th€ Petreiettm Tifnes * pf }Bt 198 ?. 
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In 1932 there was an increase of approximately million gal- 
lons in the output of the Singu field. At the end of the year the 
total number of producing wells was 436 as compared with 489 
in December 1931. In addition a number of wells remained ce- 
mented above productive sands. These wells can be drilled into 
the productive sands in a very short time and the total field produc- 
tion substantially increased. 

No new horizons were discovered during the year. In Block 
60 NB, a test well proved the existence of a deeper sand in this area, 
but the value of the sand is not yet known. 

In 1932, the total production in the Pakokku district, including 
Lanywa, amounted to 23,067,644 gallons, this figure including an 
outturn of 44,476 gallons from hand-dug wells at Yenangyat. In 
the Yenangyat field proper 19 new wells were drilled and put to 
production and, in addition, 6 wells were deepened and put to pro- 
duction. At the end of the year there were 179 in the jnoducing 
wells in the Pakokku district, excluding Lanywa. No new horizons 
were proved during the year. 

In 1931 the total production from the Lanywa field was 16,437,000 
gallons; in 1932 the total production increased to 19,711,994 gallons. 
The work of filling in behind the embankment with the object of 
rendering the area permanently above high-water level was con- 
tinued and at the end of the year preparations were in hand for a 
further extension of the embankment. 

The construction of the power station was completed and at 
the end of the year electric power was used for all purposes other 
than drilling. The surplus gas was sufficient for firing boilers for 
drilling and by the end of the year the importation of fuel oil had 
ceased. The gasoline plant, which had been shut down since 
October 1931, was again operated during the latter half of the year 
under report. 

In the Minbu district there were, at the close of the year, 368 
producing wells, including one gas well, giving a total production 
of 3,860,716 gallons. Apart from routine production there was 
very little activity in the district during the year. 

In 1932 the total production from the Indaw field was 4,040,690 
gallons. An extension of the productive area was proved during the 
year, but it will take some time to test the whole of the new area. 

The Thayetmyo fields, which had shown a large decline in 1928, 
amounting to over 272,000 gallons, showed in 1929 a small increase 

p 2 
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of some 19,000 gallons ; but in 1990 there was a further substantial 
decrease in produotion amounting to some 942,000 gallons. During 
1991 aotivities were considerably hampered by the disturbed condi- 
tions prevailing in the district, but an increase of some 74,000 
gallons was shown in the production of these fields. In 1982 
produotion decreased by some 113,000 gallons. 

The output from Kyaukpyu remained at its usual low level. 

Owing to the unfavourable economic conditions during 1932 
there was Uttle activity in areas outside the producing fields ef Burma. 

In Assam there was a small increase in the output of the Digboi 
field, No new areas have yet been proved in the Assam Valley. 

In the Surma Valley the output from the Badarpur field decreased 
by over 1,100,000 gallons, due to the natural decline of the oilsands, 
which could no longer be offset by drilling and reconditioning. At 
Masimpux no oil was produced during the year, and attention was 
confined to new drilling ; whilst at Patharia there was a small 
produotion incidental to reconditioning operations. 

In the Punjab, the output from the Ehaur field showed a slight 
morease amounting to about 360,000 gallons. No important new 
supply was, however, obtained from the deep sands during the year. 


Table 2%.^— Quantity and value of Petroleum produced in India 
dwriny the years 1931 and 1932. 



lodi. 

1082. 


QnAotity. 

Value (£1» 

Be. 18-5). 

QUAutlty. 

VAtuedli- 

Be. IS'I). 


GaIs. 

Be. 

£ 

Gale. 

Be. 

A 








BwUrpur 

1,986,042 

8,12,644 

28,169 

8474117 

68,857 

4,764 

Digboi . 

68,407,000 

01,10,801 

675,548 

54,108,185 

02,54^88 

695,851 

PttthAria 

Burma — 

168,481 

24,165 

1,78# 

80,854 

7,010 

505 

Kyankpyu . 

18,068 

11,829 

876 

18,287 

11,814 

888 

Miflbti 

8,008,688 

7,08,726 

60,166 

S.860,716 

6.26,750 

47,040 

SiiigQ . 

65,418,878 

1,70.06,676 

1,266,846 

88,041,080 

1,44,68,066 

1,086,607 

, ThAyetnyo . 

677,840 

1,16,568 

8,661 

464,826 

76,468 

6,678 

Upper Obindwiii . 

2,777,102 

8,00,427 

16,618 

4.040,690 

8.08,061 

22.786 

yenAamt anchid- 
tafliuiywA). 
TedioiyAiiiig 

. . 

10,800,104 

181,265,448 

80,61,821 

2,60,06,078 

208,468 

1,018,048 

28,067,644 

127,101,748 

87,56,168 

2,07,66,628 

282,843 

1.661,818 

6,657,720 

18,80,480 

102,021 

6,000,480 

14,76,120 

110,011 

mu 

1 

SIS.sis,7Sl 



^•saom 

S,07^lJoS8 

sJisArs 
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Taslb 27 . — Imports of Kerosene Oil into India during the years 

1981 and 1982. 



Fnm~ 

ButU 

GeorgU 

ABarbAljMi . • 

Per»la 

StMltf Bettloaenta 
(i n 0 1 u d i n g 
Labaan). 

Bornao 

Celebet and other 
Islands. 

United States of 
America 

Other eountrles . 


Quantity. Value (£1 .-Ba. 11-6}. Quantity. Value (£1 -Bs. 18-8). 


£ 



Tablb 28 . — Imports of Fuel Oils into India during the years 1931 

and 1932. 



From — 

Persia . 

Straits Settlements 
0 n 0 1 u d 1 n g 
Uabuan). 

Borneo 

Other countries 



1032, 

Quantity. 

Value (£!« 

•Bi. 18'8). 

Oals. 

Be. 

I 

67,038,453 

60,800 

1,81,00,255 

10,814 

085,658 

1,452 

26,618,808 

10,730,442 

1 

52,01,664 

Ki,06,511 

801,102 

167,682 


Total 


lOMlMOl 2,10,SS,S5^ 1,5SB,i89 
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Table 29. — Exports of Paraffin Wax from India during the years 

1931 and 1932. 




1981. 

1982. 


Quantity. 

Value (£l-£a.l8-5). 

Quantity. 

Value (£l-iBa. 18-8). 

arc- 

united Kingdom . 

Tons. 

16.814 

Es. 

68,84.084 

£ 

500,982 

Tons. 

11,027 

Bs. 

68,27,607 

£ 

400,671 

Germany 

789 

8,32,226 

24,609 

1,420 

6,08,660 

46,011 

KetherlandB 

2,946 

12,65,064 

98,774 

4,780 

20,86,800 

163,106 

Belginm 

2.880 

12,46,860 

02,822 

8,601 

16,11,800 

118,669 

Spain . 

900 

8,78,000 

28,000 

. . 

.. 

•• 

lUly . 

2.995 

12,67,900 

93,178 

4,080 

16,02,600 

127,268 

Oliina . 

6,045 

28,42,044 

210,522 

2,000 

8,67,446 

66,222 

Japan . 

440 

1,88,300 

13,948 

1,796 

7,90,800 

59,421 

Union of South 
Africa. 

8.082 

14.48,840 

107,284 

2,105 

10,47,649 

78,763 

Portuguese East 
AiriM. 

8,720 

20,31.774 

150,502 

4,610 

24,09,786 

181,187 

Canada 

867 

8,59,940 

26,662 

1,270 

6,33,400 

40,106 

United States of 
Amerloa. 

6,630 

24,00,300 

177,800 

8,950 

16,60,000 

4 124,787 

Mexico 

1,450 

^6,09, 000 

45,111 

8,679 

.15,45,574 

110,209 

ChUe . 

2,516 

,.11,88,740 

88,056 

860 

:4, 16,710 

31,382 

Australia 

293 

1,25,790 

9,318 

297 

J ,26,420 

^ 9,605 

Kew Zealand 

03 

87,660 

1 2,790 

20 

8,820 

663 

Other countries 

1,712 

7,41,616 

64,927 

1,106 

'.4,05,850 

36,020 

Total 

61,608 

2 , 3 S ,37 917 

l , 72 ft , 7 S 4 * 

47,108 

2 , 10 , 37.801 




There was a small increase (5 million gallons) in the imports 
of kerosene, due to increases from Georgia (9 million gallons), 
Persia (7 million gallons) and Azerbaijan (5J million gallons) more 
than neutralising the falls of imports from the United Stat es (13 
million gallons), Eussia (3 million gallons), Netherlands East Indies 
(4 million gallons) and the Strait. Settlements and Labuan (400,000 
gallons). 

The quantity of fuel oil imported into India during 1932 was, 
Table 28 will show, nearly one million gallons greater than that 
received during the previous year, the total imports for the year 
under review being a little over 106 million gallons. Some 64J 
per cent, of the supply was derived from Persia and some 26 per 
cent, from Borneo. 
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The exports of paraflhn wax again showed a decrease, amounting 
to some 4,600 tons. {See Table 29.) 

Ruby, Sapphire and Spinel. 

A severe fall in the output from the Mogok ruby mines of Upper 
Burma in 1924, followed in 1925 by a marked drop in value, bore 
witness to a serious decline in the industry. The Burma Ruby 
Mines, Limited, ultimately decided to go into liquidation, and the 
mines were offered for sale in September 1926. The skeleton or- 
ganisation left in charge of the mines, however, made good use 
of its opportunities, with the result that the value of the output 
in 1926 exceeded that of the previous year by over a lakh of rupees. 
This encouraging result was effected by a rigorous economy and an 
extension of a system of co-operation with local miners, and was 
assisted by some good finds of sapphires in the Kyaungdwin mine, 
the only one still worked by European methods. 

During 1927, however, production fell in value by over If lakhs 
of rupees, due mainly to a decrease in the value of the sapphires and 
spinels produced, there having been a slight increase in the value 
of the rubies. During 1928, there was another very large decline 
in value, amounting to over a lakh of rupees, due to a severe drop 
in the value of the sapphires produced ; as before, there was a slight 
increase in the value of the rubies. The value of the 1929 produc- 
tion was slightly above that of 1928, due to a considerable increase 
in the value of the rubies found, largely balanced by another large 
fall in the value of sapphires produced. In 1930 there was a further 
substantial fall in production and in total value, though the value 
per carat of the sapphires produced is the highest recorded for 
many years. Judging from reports in the Rangoon TimeSy this 
is due to the opening up by the Burma Ruby Mines, Ltd., of the 
new Pagoda mine at Kathe, leading to the find of a fine sapphire 
of 630 carats and a star sapphire of 293 carats. The find of a ruby 
of 100 carats was also rep orted. The great drop in production 
recorded in 1931 was due to the cessation of operations of the Burma 
Ruby Mines, Limited. Though the industry is in a very depressed 
state, work is still continued by local miners, but of this no reliable 
statistics are available. For 1932 no returns are available, except 
that^a fine ruby of 17 carats was found at Chaunggyi near Mogok, 
and a fine sapphire of about 90 carats and a good star sapphire of 
463 carats were mined at Kathe. 
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TaSu so . — Qumtity mvi value of Ruby, Sapphire and Spinel pro- 
duced in India during the year 1931 and 1932. 


1 

_J 

lOU. 

i 

1082. 

QiuuiUty. 

yftlaa(£l»B«.18*6). 

Quuttfey. 

Yntee. 



Cwats. 

Be. j 

£ 




- 

(BnbletXa) 

40.8M 

2,000 

» • 

.. 

Bvout . « , . ^ 



2.600 

186 

•• 

•• 

1 


(Spinel) 

.. 

.. 

.. 

.. 

Total 


•• 

42,864 

8,176 

(8) 

(8) 


(•) Vot ATAilAbto. (*) figsiM zeotlTed. 


Stdt 

Thera was a large decrease in the total output of salt amounting 
to some 228,000 tons, shared by Madras (108,893 tons), Bombay 
and Sind (83,688 tons), and Northern India (43,317 tons), partially 
balanced by small increases in Aden (5,204 tons) and Burma (2,110 
tons). Imports of salt into India increased slightly by 24,147 tons, 
all the countries of origin showing increases, excepting Italian East 
Africa, Spain, and * other countries*. 


Tablb 31. — Quantity and value of Salt produced in India during the 

years 1931 and 1932. 


— 

j 1981. 

1032. 

(Quantity. 

Value (£!•• 

Ba. 13-6). 

Quantity. 

Value (£1-Ba. 18-8). 


Tone. 

£i. 

£ 

Tona. 

Ba. 

£ 

Aden 

266.087 

81,60,172 

284,788 

201,241 

82,24,808 

242,474 

jOiombey end Sind . 

460.082 

22,68,660 

160,161 

406,414 

10,82,408 

146,208 

Bnrme . 

22.074 

8,48.881 

26, 680 

26,084 

4,26,488 

82,063 

Gwdttor . 

48 

2,647 

106 

48 

1,744 

181 

lIUtM . 

666,440 

88.68,284 

287,647 

446,656 

26,95,786 

202,687 

ITorilMini indlA 

486,840 

80.68.406 

202,846 

442,628 

86,72,140 

276,101 



lf86,46J88$ 

1,029,441 

l.SiMtl 


m,tu 
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Tibub 82. — Qmnti^ and value of Rodk-Salt produced in India 
d/uring the yture 1931 and 1932. 



1081. 

1082. 


Qiuntlty. 

T«hie(£l->B«. 18'6}. 

Quuitlty* 

Value (61 -Ba. 18-8). 


Ton*. 

Ki. 


Toiif« 

B*. 

6 

S«lt B*Dge 

188,544 

10,44,550 


148,616 

11,86,150 

85,485 

Kaliftt . 

81,128 

65,500 

4,087 

10,078 

68,706 

4,781 

MuuU . 

4,228 

1,00,508 

8,111 

8,555 

08,481 

7,020 

Total 

lileM 


90,ili 

178,048 

22 ^ 242 $ 

97^75 


Table 33. — ImporU of Salt into India during the years 1931 and 

1932. 



1081. 

1032. 


Quantity. 

Value (£1 -Be. 13-6}. 

Quantity. 

Value (£1-Ea. 18-8). 

From — 

United Kingdom 

Tone. 

24,164 

Bq. 

6,17,170 

£ 

38,300 

Tone. 

31,001 

Ka. 

5,98,714 

£ 

44,640 

Oermany 

48,097 

7,00,671 

58,568 

49,478 

8,57,889 

64,508 

Spain . 

27,264 

4,00,568 

29,671 

25,904 

3,72,053 

28,042 

Aden and Depeo- * 
desdea 

i 278,166 

40,00,366 

302,000 

304,229 

44,28.875 

832,622 

Egypt. . , 

6,007 

5,80,065 

48,084 

38,500 

5,64,005 

42,481 

Italian East Africa 

100,004 

15,80,617 

118,170 

06,500 

18,27,124 

00,784 

Other oountriea . 

14,002 

1,82,451 

0,811 

6,040 

91,067 

6,014 

Total 

518,684 

80,42,798 

694,762 

551,741 

82,32^07 

618,986 


Saltpetre. 

Although statistics of production of saltpetre in India are no 
longer available, the export figures may be accepted as a fairly 
reliable index to the general state of the industry. Excepting a 
few hundreds of tons required for internal consvunption as fertiliser, 
most of the output is exported to foreign countries. The quantity 
exported in 1932 amounted to 166,782 cwts. valued at Rs. 12,27,321 
(£^,272), against 123,117 cwts. valued at Be. 9,91,087 (£73,41i) 
in 1981. 
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A certain amount of nitrate of potash is used for agricultural 
purposes on the tea gardens of India. During the war, when it 
was impossible to obtain supplies of imported potash, the amount 
of locally produced nitrate utilised in this way reached an appre- 
ciable figure. The practice continued and the quantities estimated 
to have been absorbed for fertilising purposes on tea gardens in 
1923, 1924, 1926, 1926, 1927, 1928, 1929, 1930 and 1931 were 1,000, 
1,100, 800, 700, 600, 260, 300, 800 and 680 tons respectively. In 
1932, this figure is estimated to have been 730 tons only. The 
gradual decrease since the year 1926 is due to the fact that it was 
found cheaper to employ a mixture of imported sulphate of ammonia 
and nitrate of potash.^ The increased consumption in 1930 to 
1932 was due to the nitrate being available at lower rates. 


Table 34 . — Distribution of Saltpetre exported from India during the 

years 1931 and 1932, 



1081. 

I 1982. 


Quantity. 

Value (£1 -Be. 18*6), 

Quantity. 

Value (£1- 

-El. 18-3). 

2'o — 

United Kingdom 

Ceylon .... 
Straits Settlements (Inclad- 
Ing Labuan). 

Mauritius and Dependencies 
Other Countries 

Cwts. 

26,499 

65,480 

1,701 

38,379 

1,058 

Bb. 

2,10.274 

3,83.657 

14,998 

4,14,614 

17,544 

£ 

18.676 

24,716 

1,111 

80,712 

1,800 

Cwte. 

65,882 

86,878 

8,846 

66,716 

18,616 

Eb. 

4,26,567 

1 2,09,827 
42.031 

3,86,897 

1,63,499 

£ 

81,997 

16,789 

8,160 

29,090 

12,286 

Totil 

183.117 

9,91,087 

73,414 

166,782 

12,27,321 

92,272 


^ From Information kindly BuppUed by MeBsra. Shaw, Wallace A Co. 


Silver. 

In contrast with the increases in the production of silver from 
the Bawdwin mine-; ol Upper Burma, amounting to 1,400,291 ozs. 
recoidcd during the four years, 1926 to 1928, the following years 
1929, 1930 and 1931 were marked by decreases amounting to 124,211 
ozs.,^ 226,311 ozs., and 1,163,806 ozs. respectively. In 1932, however, 
there was a small increase again, amounting to 98,556 ozs. These 
variations in quantity were accompanied by a small fall of value 
in 1929, marked falls in 1930 and 1931, and a marked rise in 1932. 
The output of silver obtained as a bye-product from the Kolar 
gold mines of Mysore showed an increase of some 6,000 ozs. The 
amount of silver bullion and coin exported during the year was 
34,664,148 ozs. valued at Rs. 4,15,61,144 (£3,124,898). 
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Tablb 35. — Qmntity and value of SH/ver produced in India during 
the years 1931 and 1932. 



1 19S1. 

1982. 


Quantity. 

Value (£1- 

*Bm. 18-5). 

Quantity. 

Value (£1-Ks. 18-3). 

Burma — 

Northern Shan States. 

M^ore — 

iColar .... 

Ob. 

5,000.400 

22.605 

Bs. 

61,07,367 

81,867 

£ 

384,000 

2,861 

Ozs. 

6,008,056 

27,781 

iU. 

62,82,915 

88,796 

£ 

468,640 

2,917 

Total 

6.9S8,005 

62,29,234 

387,361 

«,0£6,787 

62,71,711 

471,657 


Tin. 

Following a series of years of practically continuous increase, a 
slight decrease in the production of tin-ore in Burma was reported for 
the year 1931, during which the output amounted to 4,255-2 tons 
valued at Rs. 35,07,380 (£269,806). In 1932, however, there was again 
an increase in production to 4,625 tons valued at Rs. 45,09,995 
(£339,097). This Ls the highest quantity (but not the highest total 
value, for which the smaller outputs of 1926, 1927, 1929, 1930 and 

1931 showed higher figures) yet recorded in any one year. The 
considerable increase in the total value is, of course, mainly due 
to the rise in the price of the metal during the year resulting from 
the tin restriction scheme in operation in the five leading tin pro- 
ducing countries, Malaya, Netherlands East Indies, Bolivia, Nigeria 
and Siam, a scheme to which India is not an adherent. This in- 
crease in output of some 270 tons is the balance of an increase from 
Tavoy and Mergui and a decrease from Mawchi in the Southern 
Shan States. Milling operations were suspended at Mawchi in 
August 1927 ponding the installation of additional plant and further 
development. Milling was resumed in Febmary 1930 and this 
eiLplains the large increases of 1930 and 1931. The figure for 

1932 includes 1,657*3 tons from Mawchi, calculated to be the pro- 
portion of tin-ore in 2,732 tons of concentrates derived from mixed 
wolfram-soheelite-cassiterite-ore ; these concentrates are assumed to 
contain 43 per cent, of wolfram and 57 per cent, of cassiterite. There 
was no reported output of block tin. 

Imports of unwrought tin increased from 41,969 cwts. valued at 
Rs. 36,28,666 (£268,782) in 1931 to 49,279 cwts. valued at 
Rs. 47,60,341 (£367,168) in 1932 ; over 98 per cent, of these imports 
came from the Straits Settlements. 
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Tabu 2A.—Quai>ilMni ami vdm qf TitHm proiuead im Indim d/ueing 
the year$ 1931 and 1932. 




19S1. 

1082. 


Qohntity. 

Value (Clw 

-Ba. 11-6), 






Tom. 

Be. 

£ 

ToBf. 

B3. 

£ 

.Burma — 








AflBhtilt 


17-0 

17,666 

1*810 

10-2 

21,712 

i*ro8 

IMrfiU . 


4B7*4 

8,06,804 

20,866 

5080 

6,44,882 

40«887 

Bottlhtm Bhoa Steloi 


(a)l,ep5*0 

18.06,660 

108,466 

<*)i,i>e7-8 

16*62,120 

116,701 

TmwBf . 


fi, 044-6 

16,06,218 

126,646 

2,840-6 

28,80*826 

170*686 

Tbaton . 


10 

500 

87 

0*0 

006 

75 

Total 


4*266*2 

1 

35,07,S80 

269,806 

4,626*0 

46,09,996 

389,097 


(a) Btlii&Ated. 


Tabu 37. — Import* of mwrought Tin (blooht, ingott, bare and $labs) 
into India during the years 1931 and 1932, 



1081. ^ 

1082. 


Quantity. 

Value (£1- 

•Bs. 18*5). 

Quantity. 

Value (£1- 

-Bs. 18-8). 

From — 

Cwts. 

Bs. 

t 

£ 

Cwtf. 

Bs. 


United Kingdom 

738 

61,680 

4,660 

778 

74,410 

6*505 

Stnlte Settlements (Inclnd- 
inf Labnan). 

41,133 

36,68,768 

268,612 

48.881 

46,65,206 

860,774 

Other oonntrlee 

103 

8,108 

601 

116 

10,626 

729 

Total 

41.282 

36,28,666 

268,782 

MATS 

47,30,841 

337,168 


Tungsten. 

Daring the three years 1926 to 1928 there was a fall in the output 
of wolfram from 1,484 tons in 1926 to 622 tons in 1928, the last 
being valued at Rs. 2,99,649 (£22,364). In 1929, the output rose 
again to 1,348*4 tons valued at Rs. 16,16,796 (£118,193), and in 
1980 to 2,461*6 tons valued at Bs. 18,09,881 (£134,066), declining 
slightly to 2,247*7 tons valued at Bs. 8,81,666 (£66,309) in 1931, 
and 2,022*9 tons valued at Be. 7,08,862 (£62,921) in 1932. The 
produetiou of 1990 was the highest since the oellapse of the industry 
at the end «f the war and is close to the figure for 1920 (2,346*2 tons 
valued at £139,707) both in quantity and value. The figures for 
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1931 and 1932 include 1,279 tom and 1,174*8 tons respectively from 
Mawchi, calculated to be the proportion of wolfram in concentrates 
(assumed to contain 43 per cent, of wolfram and 67 per cent, of 
casslterite) derived from the mixed wolfram-scheelite-oassiterite-ore. 

The output of Tavoy declined from 870*4 tons valued at 
Bs. 3,61,009 (£26,046) in 1931, to 751*4 tons valued at Bs. 2,61,840 
(£19,687) in 1932. 


Table 38. — Quantity and value of Tungsten-ore produced in India 
during the years 1931 and 1932. 




10S1. 

\ 


1932. 



Quantity. 

Value (£1-E8. 13 6). 

Quantity. 

Value (£1-«IU. 13*8). 



Bi. 

1 

Tons. 

Be. 

£ 

Mergul . * . . 


2d,6S8 

2,126 

96*7 

33,253 

2,500 

Southern Bhnn States 


5,01,368 

37,139 

1,174*8 

4,08.760 


Tavoy .... 


8,51,609 

26.046 

751*4 

2,61,840 


Totat 

l,S«7-7 

8,il,6§6 

85,809 

2.088*0 

7,08,m 

59,991 


Zinc. 

The production of zinc concentrates by the Burma Corporation, 
Limited, in the Northern Shsm States, fell from 61,455 tons valued 
at Bs. 17,23,528 (£127,669) in 1931 to 44,484 tons valued at 
Es. 16,09,298 (£113,481) in 1932. The slight rise in the value per 
ton is parallel with a similar rise in the price of spelte**. The 
exports during the year under review amoxmted to 49,950 tons 
valued at Bs. 24,97,600 (£187,782), against 64,818 tons valued at 
Bs. 28,41,260 (£210,463) in the preceding year. 

Zircon. 

The output of zircon, a mineral obtained as a concurrent product 
in the collection of ihnenite and monazite in Travanoore State, 
decreased from 846*6 tons valued at £7,972 in 1931 to 490*6 tons 
valued at £3,805 in 1932. There was a parallel decrease in the 
output of monazite, but a large increase in the output of ilmeoite 
during the same year. 
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The agate mines of Rajpipla State, Bombay Presidency, which 
had not been worked since 1917, were the source in 1929 of an output 
of 148*7 cwts. valued at Rs. 8,000 (£697). In 
1930, 1931 and 1932 there was again no pro- 
duction. 


Agate. 


The output of alum in the Mianwali district, Punjab, amounted 
to only 478 cwts. valued at Rs. 6,626 (£412) in 1928. Since then 
there has been no manufacture owing to the 
low market rate. 


Alum. 


Amber. 


Apatite. 


The production of amber in the Myitkyina district, Burma, 
decreased from 29*6 cwts. valued at Rs. 12,020 (£897) in 1928, to 
19*6 cwts. valued at Rs. 6,080 (£464) in 1929, 
and 2*1 cwts. valued at Rs. 730 (£54) in 1930. 
There was no reported output in 1931, but in 1932 there was an 
output of 11*6 cwts. valued at Rs. 1,940 (£146). 

The production of apatite in the Singhbhum district, Bihar and 
Orissa, was 22 tons valued at Rs. 3,300 (£244) in 1930, but nil in 
1931 and 1932. The output of apatite in 
the Triohinopoly district, Madras, rose slightly 
from 109 tons valued at Rs. 1,067 (£79) in 1931 to 121 tons valued 
at Re 1,071 (£81) in 1932. 

There was a decrease in the total production of asbestos from 
318*4 tons valued at Rs. 16,160 (£1,206) in 1929 to 33*2 tons valued 
at Rs. 1,190 (£88) in 1930. This was entirely 
derived from the Cuddapah district, Madras. 
The mines in Mysore and Seraikela State were net worked in 1930, 
and in 1931 the Cuddapah mines also ceased producing. A small 
output of 6 tons valued at Rs. 70 (£6) was reported from the Ajmer- 
Merwara district during 1931. In 1932 Seraikela State, Bihar 
and Orissa, yielded 90 tons of asbestos valued at Rs. 9,000 (£677). 

The production of barytes in India fell from 6,664 tons valued 
at Rs. 43,206 (£3,200) in 1931 to 2,967 tons valued at Rs. 29,372 
Barytes. (£2,209) in 1932. This fall was entirely due 

to decreased production from Kumool, the 
other producing districts showing an increase as is shown in Table 
89 . 


Asbestos. 
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Table Z9.’^uantity and value of Barytes produced in India during 
the years 1931 and 1932. 


— 

1981. 

1982. 

Quantity. 

Value (£1- 

-Be. 18*6). 

Quantity. 

Value (£1- 

Re. 18*8). 


Tons. 

Rb. 

£ 

Tons. 

Rs. 

£ 

Afoitw*— 







Asantapur 

. . 

. . 


166 

1,726 

120 

Cuddapah 

1,885 

18,860 

989 

1,859 

18,585 

1,893 

Xumool .... 

4,158 

28,890 

2,140 

949 

6,218 

467 

Ilajputana — 







Alwar State 

161 

966 

71 

488 

2,808 

220 

Total 

5,664 

4$,20S 

s,eoo 

2,067 

29,372 

2,209 


In 1930, 2,514 tons of bauxite valued at Rs. 20,112 (£1,490) 
were produced, of which 719 tons came from the Kaira district of 
Bombay, and 1,795 tons from the Jubbulpore 
district of the Central Provinces. In 1931 and 
1932 no bauxite was mined. 

In Jaipur State, Rajputana, 20 owts. of beryl were extracted 
in 1930 ; no value was reported. There was no output in 1931, 
but in ] 932 there was a production of 281 
tons valued at Rs. 6,281 (£397). 

The production of native bismuth from the Tavoy district, 
Burma, fell from 112 lbs. valued at Rs. 323 (£24) in 1930, to 
42 lbs. valued at Rs. 84 (£6) in 1931, and 
27 lbs. valued at Rs. 64 (£4) in 1932. 

Borax is sometimes produced from the Puga valley in the Ladakh 
tahsil of Kashmir State, but there was no pro- 
duction during the years 1931 and 1932. 

The total estimated value of building materials and road-metal 
produced in the year under consideration was Rs. 91,22,170 (£686,877). 

Certain returns supplied in cubic feet have 
aiid*Road-mctal!**^*^*** converted into tons on the basis of 

certain assiuned relations between volume and 

weight. 

There was a decrease in the recorded production of clays, which 
fell from 169,693 tons valued at Rs. 3,46,805 (£26,616) in 1931, to 
130,884 tons valued at Rs. 2,68,701 (£19,461) 
in 19S2» All provinces showed decreases ex- 
cept Burma, Rajputana, Qwalior and Kaahinirt 


Beryl. 


Bismuth. 


Borax. 


Clays. 





















296 Secordt </ the Otelogieal Survey ef India. [ Tol. UCVIL 

TABI.B 4Q.—Produetioa <if Btuidiag Matmals 


— 

GRAIfITI AKD 
Gifimw. 

Latkritk. 

Lims. 

LlKiStOFI AND 
BAttKAR. 


■ 

Quantity. 

i 

> 

1 

s 

Value. 

fl 

1 

0 

1 



Tons. 

Bs. 

Tons. 

Es. 

Tons. 

Bs. 

Tons. 

Bs. 

^sBam . 

* 

6,971 

25,181 

19,129 

68,728 


•• 

68,661 

89,627 

Bengal . 

• 

82,109 

62,918 



•• 

•• 



Bihar and Oliua 


468,779 

4,28,942 

369 

143 

•• 

•• 

629,746 

12,62,568 

Bombay , 


•• 


8,666 

6,043 

•• 


•• 

•• 

Burma . 


187,162 

4.88, 800 

101,980 

1,86,768 

*• 


184,196 

2,67,414 

Central India . 






•• 

•• 

118,816 

49,042 

Central ProTtnoet 


87,860 

88,190 

8,798 

7,886 

18,787 

1,14,861 

889,863 

3,26,770 

Gwalior . 



•• 


•• 



65,862 

82,863 

Kashmir 


•• 

•• 

•• 


•• 




Madras . 


167,464 

1,76,664 

73,364 

67,796 

•• 


19,640 

12,737 

Mysore « 


•• 


169 

1,719 

7,678 

1,12,436 

1,068 

6,812 

N.-W. F. Province 




•• 

•• 

•• 

•• 

2,849 

866 

Punjab . 


161,801 

1,60,806 

j 

1 

• f 

•* 


220,747 

2,40,819 

Kajputana 


•• 


•• 

•• 



(a)182,046 

2,57,816 

United Provinoes 


46,600 

1,04,804 





(6)848,881 

l»8f,845 

TOS4L 

• 


u,e8,m 

mjm 


IMM 

2,86,796 


' 27,78,660 


lil InSniS St!tS 0ti|e. 
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Table 41. — Production of Clays in India during the year 1932. 


Aaa&m . 

Bengal . 

Bihar and Orisaa 
Burma 

Central ProvinoeB 
Owalior . 
Kashmir 
Madras . 

Mysore 
Punjab . 
Eajputana • 


Total 


1932. 


Quantity. 

Value (£1 = 

= Rs. 13'3). 

Tons. 

Rs. 

£ 

6,495 

29,238 

2,198 

12,487 

24,413 

1,885 

20,898 

1,08,028 

8,123 

21,788 

24,914 

1,873 

27,396 ; 

29,176 

2,194 

378 

1,365 

103 

11 

12 

1 

3,102 

1,005 

76 

17,450 

25,658 

1,921 

16,089 

2,514 

189 

4,790 

12,478 

938 

130,884 

2,/i8,701 

19,461 


An output of 100 lbs. of columbite valued at Rs. 60 (£4) was 
Columbite reported from the Monghyr district, Bihar and 

Orissa, during 1931. There was no output in 1932. 

The production of corundum in the Salem district, Madras, 
Corundum amounted to 30 tons valued at Rs. 2,189 (£162) 

in 1930, but there was no production during 1931 
and 1932. 

There was an output in 1931 of 334 tons of felspar valued at 
Rs. 3,336 (£247), of which 333 tons came from Ajmer-Merwara 
Felspar ^ from Alwar State, Rajputana. 

In 1932 the output was 473 tons valued at 
Rs. 4,388 (£330), entirely from Ajmer-Merwara. 

In reversal of the previous year’s record, the reported produc- 
tion of fuller’s earth increased from 2,968 tons in 1931 to 4,369 tons 
in 1932. The chief increase was in Bikaner 
State,' with smaller increases in Jodhpur State 
and Hyderabad (Sind). 


FttUer’a earth. 









299 


Pabt S.] Fermor : Mineral Production, 1932. 


Table i2.-^uaYUity and value of FuUer^s earth produced in India 
during the years 1931 and 1932. 


— 

1981. 

1982. 

Quantity. 

Value (£1 -»Rr. 18-6). 

Quantity. 

Value (£1 -Bb. 13-8). 


Ton®. 

Rs. 

£ 

Tons. 

1 

Rs. 

£ 

Bombay — 

1 






Hyderabad (Sind) 

473 

10,463 

774 

789 

13,410 

1,008 

Cental Prorince * — 







Jubbulpore 

88 

i 

186 

14 

19 

93 

7 

Bajputana — 







Bikaner State 

l,14fl 

8,008 


2,193 

16,493 

1,165 

Jalaalmer State 

16 

178 

13 1 

16 


14 

Jodhpur State . 

1,286 

15,400 

1,141 

1,342 

16,100 

1,211 

Total 

2.968 

34,315 

2,542 

4,359 

45,282 

3,406 


There was an output of 480 tons of garnet sand valued at 

Rs. 1,200 (£90) in 1928, in the Tinnevelly district, Madras. In 

^ 1929 no garnet was produced, but in 1930 

there was an output of 7*3 tons of garnet 

valued at Rs. 175 (£13) in Jaipur State, Rajputana, in 1930. In 

1931 no garnet was produced in India, but in 1932 there was an 
output of 147 tons of garnet from the Tinnevelly district. 


There was an output of 6*5 tons of graphite in the Eiistna dis- 
trict of Madras in 1931, whilst 5 tons of 
craphite were produced in the Kistna district 
in 1932. 


Graphite. 


There was a small increase in the output of gypsum from 53,632 
tons valued at Rs. 97,938 (£7,264) in 1931, to 
54,741 tons valued at Rs. 94,768 (£7,126) in 
1932. 


Gypsum. 
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T4pL|: i^.—^iifintity <;ind valvfi of ^ypsvfln produced in India- duxi'^f^ 
the years, 1931 and 1932. 


-- 

JOSl. 

' 1932. 

Quantity. 

Value (£1- 

■Rg. 13-B). 

Quantity. 

Value (£1. 

rRg. 13-3). 


Ton?. 

Bs. 

£ 

Tons. 

Rs. 

£ 

Kashmir State 

60 

06 

6 

t 86 

(a) 

•• 

Madrtu — 







Trichlnopo^y 

4 

41 

3 

76 

820 

62 

Punjab — 







Jiielum .... 

16,702 

18,102 

1,841 

12,726 

13,160 

086 

Pajputana— 







Bikaner St^te . 

10,672 

36,029 

2,595 

22,290 

28,955 

2,177 

Jaisalfoer State 

1 

205 

1,201 

88 

235 

913 

69 

1 

Jodhpur State . 

17,000 

43,600 

3,222 

16,000 

42,600 

3,105 

United rroHnoee — 







Art® .... 




3,320 

8,426 

634 

Oar^VuI .... 

1 

1 



3 

4 


Total 

58,632 

97,938 

7,254 

w ! < 1 ' r 

54,741 

94,708 

7,125 


^ ■ p 1, 1.1 kV — 

(a) Not ^eport^d. 


The output of ky£^nite and qn^r^zite t^nd related rocks in Bihar 
apd is becoming increasingly important, partly for purposes 

pf pxport, and B^^Ttly for use in India, such as 
liiWgs Jamahedpwr ; feut ia 
^here was a faU to ^ quarter of the 193ft 
out|)ut. jfn 1932, however, there was again an increase. T^e 
dpta for 1931 and 1932, which all relate to the Singhbhum district, 
except for 3 t^ns of kyanite produced in Ajmer-Merwaya, Raj- 
putana, are assembled in Table 44, from which it will be seen that 
there has been an increase in total output from 9,716 tons valued 
at 68,863 in 1931, tq 14,148 tons valued at Ra. 1,34,331 

(^10,lftft) in 1832. The rpost valuable of these materials is kyanite 

extr^ntnd for e^rport by t^e Indian Coj)per Ccorporation from Lopso 
HiU in Kharsawan. 
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Table 44 . — Quantity a/nd value of Miacellaneoua Refractory Materials 
produced in Bihar and Orissa during the years 1931 and 1932. 



1931. 

1932. 


Quantity. 

Value (£1 -Its. 18-6). 

Quantity. 

Value (£1 - 

^Ub. 13-3). 

Kyanlte .... 

Quartz- mica sclilst 

Qaartrlte .... 

Tons. 

(a) 3,412 
1,544 
4,760 

Hs. 

48,928 

8,r»89 

11,440 

£ 

3,624 

036 

848 

Tons. 

5,655 

2,380 

6,204 

Us. 

90,852 

31,008 

12,881 

£ 

6,881 

2,338 

931 

Totai. 

9.716 

68,963 

6,108 

14,148 

1,34,331 

10,100 


(a) Includes 3 tons of Kyanlte produced in Ajmer-Mcrwara, Rajp ttana 


There was an increase in the prcd notion of ochre froni 4,961 
valued at Rs. 25,895 (£1,918) in 1931, to 0,237 tons valued 
at Rs. 33,110 (£2,489) in 1932. 'ttiis ih- 
crease is Inainly dlie tn Central India, and 
the Central Provinces, the two largest ptodnoets. 


Table 45 . — Quantity and value of Ochre produced in India during 
the yedrs 1031 and 1932, 


1 1931. 

1932. 

1 

Quantity • 

Value (£1- Its 13'.) 

Quantity. 

Value (£1-R8. 13-3). 

Tons 

864 

2,828 

567 

too 

312 

80 

11 s 
.3,360 
11,693 
r> 050 
3,550 
1,076 
500 

£ 

249 

866 

419 

263 

80 

41 

Tons 

1,857 

3,305 

403 

300 

312 

Rs. 

15,274 

9,747 

3,277 

3,650 

1,262 

£ 

1,148 

733 

246 

2Q7 

95 

^951 

25,895 

1,918 

6.237 

33,110 

2,4^$ 


Central India 
Central Provinces 
(jwallor 
Madras 


Kalputana . 
ilied Provinces , 


Uni 


Total 


There was an output of 23 tons of pyrite in Patiala State, Ptmjab, 
in 1930. The value was not reported. There 
was no lecotded output in 1931 and 1982. 

The figures of production of serpentine in the Skardu tahsil^ 
Kashmir State, amoimting to 1‘8 tons valued at Rs. V5 (£6) reported 
^ for 1930, were identical with those for l^i^9 

Serpfc c. 1928. The same value has been recorded 

in 1931, but the quantity prodticed hiiis not been stated. ^To 
repbtt haiJ bfeen i*fet*eived fot 1932. 

A production of 14*7 tons of soda valued at Rs. 533 (£39) was 
reported from the Ladakh tahsiL Kstshmir State, in both 1&29 
and 1930. The oiliiput reported for 1928 was 
11 tons valued at Rs. 633 (£40), in 1931 


SoHa. 
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11 tons valued at Rs. 412 (£31), and in 1932, also, 11 tons valued 
at Rb. 435 (£33). Salt, consisting for the greater part of sodium 
carbonate, sodium bicarbonate and sodium chloride, used to be 
obtained by evaporation from the waters of the Lonar Lake, in 
the Buldana district of Berar, in the Central Provinces. It was 
known under the general name of trona or urao, for which there 
is no suitable equivalent in English. The total amount of trona 
extracted in 1926 was 100 tons, the value of which was estimated 
at Rs. 3,000 (£224) ; as the company working the concession went 
into liquidation there has been no further reported production until 
1930, for which the output was 100 tons valued at Rs. 950 (£70). 
There was no production in 1931. 

There was an increase in the production of steatite, which rose 
from 6,136 tons valued at Rs. 1,21,608 (£9,001) in 1931, to 6,612 

Steatite valued at Rs. 1,29,490 (£9,736) in 1932. 

This rise was mainly due to the Jaipur State, 
now responsible for some 80 per cent, of the total Indian output. 

Table 46. — Quantity and value of Steatite produced in India during 
the years 1931 and 1932. 


1931. 


1982. 



Quantity. 

Value (£1- 

Es. 18-6). 

Bihar and OritM — 

MayorbhanJ State 

Tons. 

27 

Ea. 

2,800 

£ 

198 

Seralkela State . 

37 

1,000 

74 

Singhbbam 

442 

7,746 

574 

Central India — 

BiJaVar State . 

74 

1,200 

89 

Central Prorinces — 

JubbtUpore . • 

188 

4,077 

802 

Madrae — 

Nellore .... 

60 

1,000 ! 

74 

Salem .... 

147 

8,075 

228 

Mpeore State « . 

79 

674 

48 

Baivviana-^ 

Ajmer-Herwara • 

25 

169 

12 

Jaipur State 

8,915 

98,884 

6,954 

OnUe.f Proaineea^ 

Haoirpur 

161 

0,188 

458 

Total 

6,186 


9,001 


Quantity. 

Value (£1 - 

Es. 13’8). 

Tons. 

Re. 

£ 

152 

760 

67 

^ 119 

[ 

2,430 

188 

402 

9,480 

713 

41 

1,909 

148 

179 

2,855 

215 

138 

542 

41 

6,172 

1,07,220 

8,061 

814 

4,294 

828 

■cQiiyjiii 

9,730 
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Until recently, figures of production of ammonium sulphate as 

a bye-product at the coking plants of iron and steel works and 

^ . collieries have been collected only every five 

Sulphate of ammonia. i. i ^ • i 

years for the qumquennial reviews of mmeral 

production. They prove, however, to be of such general interest 

that it has been thought desirable to report them annually, and 

the figures for 1931 and 1932 are shown in Table 47. Values have 

not been obtained, and ammonium sulphate will not therefore find 

a place in Table 1. The figures show a decrease in production from 

12,133 tons in 1931, to 9,474 tons in 1932. The exports for these 

two years were 3,061 and 303 tons respectively. The cessation of 

production by four producers is due to the low price of ammonium 

sulphate. 


Table 47 . — Production of Sulphate of Ammonia in India during the 

years 1931 and 1932. 


— 

1931. 

1932. 


Tons. 

Tons. 

Tho Jiongal Iron Co., Ltd. ..... 

718 

. . 

The Oriental Gas Co., I^td. ..... 

132 


The Eastern Coal Co., Ltd. ..... 

279 


The Tata Iron and Steel Co., Ltd. .... 

5,701 

5,304 

The Indian Iron and Steel Co., Ltd. 

2,155 

2,271 

The Tjodna Colliery Co. (1920), Ltd. 

392 


The Burrakur Coal Co., Ltd. ..... 


730 

The East Indian Railway Colliery, Giridih 

270 

253 

The Bararee Coke Co., Ltd. ..... 

1,195 

910 

Total 

12,133 

9,474 
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IV.-MINERAL CONeeSSIONS QRANTEDt 
^abLe 48 . — Stokmerd of Mineral Concessions granted durihg tht year 1932. 
AJMER-MERWAHA. 


DUtriet. 

Qtaai^. 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commende- 
ment. 

Term. 

\jiner . 

(1) Mt. L. Prag Jfkr«Un, 
AJraor. 

Iron and copper 

P. L. 

7-2 

51h January 
1932. 

1 year. 

Do. . 

(2)MeHj»rs. Abdul (Jhaui 
& Co., Kaslrabkd. 

Mica 

P. L. 

2-8 

feoyi Juno 

1932. 

Do. 

Do, . 

(8) Mr. L. Prag Narain, 
Ajmer. 

Beryl and felapai 

V L. 

0 8 

101 h Augu^ 
1932, 

Do. 

Do . 

(4) 1)0. 

Asbestos and green- 
stone. 

P. L 

18.4 

16th Novem- 
ber 1932. 

Do. 

Do. . 

(5) Do. 

ITftolln, Odea, felspar, 
greeiutdne, mdsoo- 
vlte, garnet and 
l^yVbre. 

M.L. 

4*4 

80th April 

1032. 

3 years. 

Do. . 

(fi) Do. 

Kaolin . 

M. L. 

4-2 

11th January 
1032. 

10 years. 

Do. . 

(7) Mr. L. (mvprdhan 
Lai Katld, Naairabad. 

Jflca 

M. L. 

Whole of 
ShoTvlm 
\'lllage. 

10th Decem- 
ber 1932. 

5 years. 

DcaWar 

(8) Mr. L. Prag Narain, 
Ajmer. 

Asbestos and soap- 
stone. 

r. L. 

8-0 

15lh January 
1932. 

0 months. 

Do. 

(9) Do. 

Bed and yellow 
bchres. 

P. L. 

1-6 

ftth October 
1032. 

1 year. 


ASSAM. 


('aehar 

(10) Meksrs. ’Hje 

Burm^ Oil Co., Ltd. 

Natural petroleum . 

P. L. 

1,088'0 

3rd December 
1932. 

1 year. 

Do. 

(11) 

Do. 

Do. 

P. L. 

8,001-0 

12th April 

1932. 

Do. 

Do. 

(12) 

Do. 

Do. 

P.L. 

2,060-8 

lit June 1032 

Do. 

Lakhimi)ur . 

(18) Messrs. The Assam 
Oil Co., Ltd. 

Petroleum 

P. I. 

6,120-0 

SOtb March 
1082. 

Do. 

Do. 

(14) 

Do. 

Do. 

P.L. 

3,668-0 

12th May 

1082. 

Do. 

Do. 

(IB) 

Do. 

Do. 

P. L. 

1,792-0 

25th Oototier 
1031. 

tJnUJ such 
time as a 
M In i n g 
lioase h 
granted. 

Do, 

m 

Do, 

Do. 

P. L. 

665-6 

1st May 1082 . 

Do. 

Do. 

(17) 

Dt. 

Coal 

P. L. 

1,100-4 

8th October 
1982. j 

1 year. 


!t^. ^^Pro$pecting Liceme, iSi. L . » Mining Ltate, 
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XBSAM-contd. 


Dlfttrirt. 

Grantee. 

M’lneral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
comracnec- 
ment. 

Term. 

LuchmliJur . 

(IS) Xeaarfl. The Assam 
OU Co., Ltd. 

Petroleum 

P. L. 

.690-7 

31 st Deeem 

her 1932. 

1 year. 

Do. 

(19) Do. 

Do. 

1\ L. 

3,476-2 

Do. 

Until Bueh 
time as a 
Mining' 
Lease is 

granted. 

Do. 

(2/j) \»sani Tl Jill Ways 

and Tradln;^ Ltd. 

Coal 

1 

h. L. 

2,560-0 

3oth July 

1931. 

30 years. 

Sylliot 

(21) Mpasr*-. The 

liiirmah Oil Co., Ltd. 

Mineral oil 

P. L. 

3,1300 

3rd May 1932 

1 year. 

Do. 

(22) Do. 

Do. 

P. L, 

3,161-0 

3rd Scpteniber 
1932. 

Do. 

Do. 

(23) Do. 

Do. 

P. L. 

9,305-0 

Ist October 
1932. 

Do. 


BALUCHISTAN. 


Quetta- I’i-jLlu (ill) Mnllk Abclul Aziz Coal . . . M. L. . liiiO Ibt July 10^*2 iiu years. 

YasluzttI, Haunu Vil- 
lage, Quetta. 

l>o. . (26) Do. . J)o. . . . M. L. . 220 Do, . Do. 

Do. . (2(5) Do. . Do. . . . M. L. . 320 Do. . Do. 


BENGAI.. 


Cliittagoftg . 1 

(27) MoaiTH. Tile I 

Burnlah 011 Co., Ltd. 

Natural petroleum . I P.. L. . 1 

(Ronevral). 

BIHAK AND OKISSA. 

4,000 j 

9th Mart-L I 

1932. 

1 your. 

Angul , 

(28) Babu Raja Trl- 
cumjl. 

Ochre 

P. L. 

040-0 

1st January 
1032. 

1 year. 

Slngbbhum , 

(20) Babu Dhonji Nil* 
merjl. 

Don-ore and manga- 
nese. 

M. L. 

600 0 

2nd April 

1932. 

10 years. 

Do. 

(30) Babu Norendra 
Nath Kunutr. 

Chronilto 

M. I. 

850-,6 

28th April 

1932. 

Up to 30tlj 
June 1939. 

Do. 

(31) Ba^u AJlt Kumar 

1 

Do. 

P. L. 

408-0 

27th August 
1932. 

0 months. 


P. L. -PtvqmMuf Uenut. H. L, —Mining UtM. 
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BOMBAY. 


Blatrlct. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence- 
ment. 

Term. 

Kanara 

(32) Mtyjsrs. Royoe and 
Company, Bolgaum. 

Manganeso-ore 

M. L. 

28 

21st June 

1932. 

10 years. 

Do. 

(.38) ^loasro. Kllllrk 

Nixon & Co., Bom- 
' bay. 

Do. 

M. L. 

80 

28th Hcptem- 
ber 1032. 

Do. 

Ratnagirl 

(84) Mosars. Oakley, 

Dunan & Co., Ltd. 

CliromiL 

M. L. 

172 

411) March 

1932. 

Do. 

Do. 

(S.")) Do. 

Ik). 

P. L. 

1,280 

Ist January 
1032 

1 year. 


BURMA. 


Akyah 

(36) Messrs. The 

Burmah Oil Co.^ Ltd. 

Natural 

(Including 

gas). 

petroleum 

natural 

P. L. 

4,480 0 

2Sth July 1981 

1 year 

8 months 

4 days. 

Do. 

(37) Do. 

Do. 


P. L. 

1,164-8 

15th February 
1932. 

2 years. 

Do. 

(85) Messrs. The Indo- 
Burma Petroleum Co., 
Ltd. 

Do. 


P. L. 

5,440-0 

16th Decem- 
ber 1931. 

Do. 

Do. 

(89) Do. 

Do. 


P. L, 

1,180-0 

22nd April 

1981. 

Do. 

Do. 

(40) Messrs. The 

Burmah Oil Co., Ltd. 

Do. 


P. L. 

5,066-0 

0th May 1932 

Do. 

Do. 

(41) Do. 

Do. 


P. L. 

4,352-0 

9th May 1982 

Do. 

Do. 

(42) Do. 

Do. 


P. L. 

633-6 

80th July 

1982. 

Do. 

Do. 

(43) Do. 

Do. 

• 

P. L. 

(Renewal). 

2,944-0 

18th April 

1932. 

1 year. 

Amherst 

(44) U On Pe . 

All minerals except 
oil. 

P. L. 

(Renewal). 

640-0 

5th February 
1932. 

Do. 

Lower Chind* 
Vfin. 

(45) Mr. Lawrence 

DaWson. 

Natural 

(including 

gas). 

petroleum 

natural 

P. L. 

1,196-8 

5 th Februarj- 
1031. 

2 years. 

Do. 

(46) Mes'^rs. The Tndo- 
Burma Petroleum 

Co., Ltd. 

Do. 


P. L. 

8,187-2 

24th Septem- 
ber 1931. 

Do. 

Do. 

(471 Do. 

Do. 


P. L. 

820-0 

30th July 

1932. 

Do. 

Do. 

(48) Do. 

Do. 


P. L. 

(Renewal). 

5,760-0 

5th July 1932 

1 year. 

Magwe 

(49) Do. 

Do. 


P. L. 

(Renewal) 

320-0 

16th April 

1931. 

Do. 

Do. 

(60) Messrs. The British 
Burma Petroleum Co., 
Ltd. 

Do. 


P. L. 

(Renewal). 

16,360-0 

nth April 

1932. 

Do. 

Do. 

(61) Do. 

Do. 


P. L. 

(Renewal). 

640-0 

20th April 

1932. 

Do. 


'^*l»*^^ProRp9ciing lAoetm, M« L.-irin<fvXi«M. 
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BURMA— contd. 


District. 

Grantee. 

Mineral. 

. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

Term. 

Magwe 

(62) Mwwrt. The Inrto- 
BuriuaPelroloumCo., 
Ltd. 

Natural petroleum 
(luciding natural 
gas). 

P. L. 

(EeneWal). 

820-0 

10th April 

1982. 

1 year. 

Do. 

(68) TT Mauog Gale 

Do. 

P. L. 

(Hcnewal). 

320 0 

7th April 

19.82. 

Do. 

Mergiil 

(64) Mr. IJni Do (Jliino 

Tin and allied luinc- 
raD. 

P. L. 

1,113-0 

18th January 
1982. 

Do. 

Do. 

(66) Mr. Kapnr Singh 

Tin-ore . 

P.L. 

889-6 

7tli May 1932 

Do. 

Do. 

(56) Mr. B. P. 0. Wat- 
son. 

Tin and alliod mine- 
rals. 

P. L. 

248-2 

8lh January 
1932. 

Do. 

Do. 

(57) Maung Hllne Pu . 

Do. 

P. L. 

153-6 

Ist July 1032 

Do. 

Do. 

(68) Maung Spin Shan . 

Do. 

P. L. 

384-0 

17 th March 
19.32. 

Do. 

Do. 

(59) Mr. Udhandaa 

Do. 

P. L. 

640-4 

10th August 
1932. 

Dt). 

Do. 

(60) Maung Po Thalt . 

Tin and wolfram 

P. L. 

480-4 

2nd February 
1932. 

Do. 

Do. 

(61) U E Gyl 

Tin and allied mine- 
rals. 

P. L. 

204-8 

19th March 
1932, 

Do. 

Do. 

(62) Mr. A. E. Ahmed. 

Tin-ore and other 
allied minerals. 

P. L. 

358-4 

18th March 
1982. 

Do. 

Do. . 

(68) Messrs. The Mala- 
yan and General Trust 
Ltd. 

Tin . . . 

P.L. 

170-2 

25th July 

1982. 

Do. 

Do. . 

(64) Mr. Saw Lein Lee 

Tin aud allied mi- 
nerals. 

P.L. 

64-0 

26 th June 

1982. 

Do. 

Do. , 

(66) Mr. Eu Gwan Kylu 

Do. 

P.L. 

691-2 

16 th Septem- 
ber 1982. 

Do. 

Do. . 

(06) Mr. Eu Gwan Kyln 

Do. 

P.L. 

61-2 

2&th AprU 

1082. 

Do. 

Do. . 

(07) Mr. Neil Gow 

Tin-ore . 

P.L. 

1,687-2 

4th November 
1982. 

Do. 

Do. . 

(08) Maung San Dun . 

Tin aud allied mi- 
nerals. 

P.L. 

140-8 

nth May 

1932. 

Do. 

Do. . 

(69) Maung Hlino Pu . 

Do. 

P.L. 

230*4 

lit July 

1932. 

Do. 

Do. . 

(7^ Mr. Leong Poke 
Hye. 

Tin, wolfram and 
other allied 
minerals. 

P.L. 

846*6 

12th March 
1982. 

Do. 

Do. . 

(71) Mr.P. WahYu . 

Tin and allied mi- 
nerals. 

P.L. 

1 480*0 

17th March 
1982. 

Do. 

Do. . 

(72) Maung San Dun . 

Tin . . . 

P. L. 

614-4 

18th June 

1982. 

Do. 

Do. . 

(78) Mr. Leong Poke 
Hye. 

Tin, wolfram and 
other allied 
minerals. 

P.L. 

422-4 

14th May 

1982. 

Do. 


P. L. -ProfjMoCifv U,L,^Minitig Lmm, 
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BURMA — conid. 


District. 

Grantee. 

Mineral. 

yrstnre 

of 

grant. 

Area 

in 

Hores. 

Date of 
commence- 
ment. 

Term. 

Mergul 

(74) Mr. Tew Shwe Nl. 

Tin-ore and wolfram 

P. L. 

211-2 

9th July 

1982. 

1 year. 

Do. . 

(76) Mr. ilng tain 
Leong. 

Tin and allied mi- 
nerals. 

P.L 

102 0 

26th March 
1932. 

Do. 

Do. . 

(76) Mr. Lodng Toke 
Hye. 

Tin and wolfram 

P.L. 

384 0 

18th April 

1982. 

Do. 

Do. . 

(77) Maung San Dun . 

tin and allied mi- 
nerals. 

J*. L. 

48b-4 

llth Ai)tn 
1932. 

Do. 

Do. . 

(78) Maunfe San Dun . 

Tin 

P. L. 

128-0 

10th Novem- 
ber 1982. 

Do. 

Do. . 

(79) Maung Hllno Pu . 

Tin and allied mi- 
nerals. 

P. L. 

358-4 

18th July 

1982. 

Do. 

Do. . 

(80) Mr. Hal want Singh 

Tin 

P. L. 

663-2 

17th Jfovem- 
ber 1982. 

Do. 

Do. . 

Do. . 

(81) Mr. M. Hanifl . 

(82) Mr. Ah Khoon . 

Tin-ore and other 
allied minerals. 

P.L. 

P.L. 

243-2 

76-8 

Ist July 

1982. 

Do. 

Do. 


zotn Mptem* 
her iM. 

Do. . 

(88) Mr. E. Maxwell 
Lefroy. 

All minerals excejpt 
oil and precious 
stones. 

P.L. 

44-8 

26th July 

1982. 

Do. 

Do. . 

(84) Mr. tan Aik Kuh 

Tin and allied mi- 
nerals. 

P. L. 

230-4 

26th October 
1982. 

Do. 

Do. . 

(85) Mr. J. T. Doupe . 

Do. 

P.L. 

486-4 

9U^^ptember 

Do. 

Do. . 

(80) Maung Po Thalk . 

Tin . . . 

P.L. 

616-4 

1(J^^2 -August 

Do. 

Do. . 

(87) Mr. Udhandas . 

Tin and allied mi- 
nerals. 

P. L. 

422-4 


Do. 

Do. . 

(88) Maung Uline Pu . 

Do. 

P.L. 

818-6 

80th Novem- 
ber 1932. 

Do. 

Do. . 

(80) Mr. Tan Boon Hein 

Tin -ore . 

P.L. 

102-4 

4th November 
1982. 

Do. 

Do. . 

(90) Mr. J. T. Doupe . 

Tin and all other 
minerals except oil. 

P.L. 

1,164-8 

24th October 
1982. 

Do. 

Do. . 

(91) Maung Stin Dun . 

Tin . . . 

P. L. 

670-O 

19th Decem- 
ber 1982. 

Do. 

Do. . 

(92) U E Gyi . 

Tin and alli^ mi- 
nerals. 

P.L. 

64-0 

26th Novem- 
ber 1982. 

Do, 

Do. . 

(98) Maung Po Thalk . 

Tin , . . 

P.L. 

248-2 

19th Novem- 
ber 1982. 

Do. 

Do. . 

(94) Mr. Gul Mahamed 

All minerals except 
mineral oil. 

P.L. 

76-8 

Ist November 
1982. 

Do. 

Do. 

(95) Messri. L. W. Blsura 

aa4 Ohan E««. 

Do. 

P.L. 

676-0 

16th Septem- 
ber ms. 

Do. 


^,lu^?T0tp9ding Umm, iMm, 
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Dlstrlft. 

(Jrantrc. 

Mineral, 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
comnienee- 
inent. 

Term. 

M.^rjuii 

(96) MaiinR Sola Slmn. 

Tin 

V. L 

396-8 

25th Novem- 
ber 1932. 

1 year 

Do. . 

(07) Mr. EnK Tiiln 
Lcodr. 

Do. 

1*. L. 

179-2 

29th October 

1082. 

Do. 

Do. . 

(08) Mr In Sit Van . 

Tin and allied nil- 
neralp. 

V. L. 

880 6 

28tb Novem- 
ber 1932. 

Do 

Do. . 

(99) Mesarfl. The Eurma 
Alliivluls SJ’ndIcate, 
Lt4. 

Tin . . . 

M. L. 

460-8 

15tli June 

1932. 

30 years. 

Do, . 

(too) Mr. S If. Hamian 

Casslterlte and ajwo- 
rlated inlnera^. 

M. L. 

332-8 

1st September 
1932. 

Do 

Do . 

(101) Mr. Ah Shoe 

Tin-ore 

M.L. 

115-2 

1st August 
1032. 

Do. 

Do. . 

(102) Mr. Khoo Tnn 
Byan. 

Oaspiterite or Gn-ore 

M. L. 

230-4 

Ist December 
1932. 

Do. 

Do . 

(103) Messr.*. The Mala- 
yan and (fpnoral 
Trii'sl , Ltd. 

Tin-ore . 

M.L. 

179-2 

15tb Novem- 
ber 1932. 

Do 

Do. . 

(104) Mr Ah Khoon . 

Tin and allied ml- 
nernlw 

V. L 

(Kenewal). 

198-1 

llth Febrnary 
1932. 

1 jrar. 

Do. . 

(]0r))MaTin 

Do. 

P. L. 

(Kenewal). 

21)6- 0 

14th Februarv 
1932. 

Do. 

Do. . 

(106) Mr. B. D. Hand 

Mold, tin and allied 
minerals. 

P. L. 

(Renewal). 

390-4 

26th February 
1932, 

Do. 

Do. . 

(107) Mr. (Jill Mnhained 

1 

Tin and allied nil- 
neruls. 

P L. 

(Renewal) 

163-6 

18th April 

1932. 

Do. 

Do . 

(l 08 )rE(^yi . 

Do. 

P. L. 

(Renewal) 

128-0 

22nd May 

1932. 

Do. 

Do. , 

(109) Mr. Ehoo Tnn 
Myall. 

Do. 

P. L. 

(Renewal). 

198-4 

20th May 

1982. 

Do. 

Do. . 

(110) Mr. Ah Khoon . 

Tin-ore . 

?. L. 

(Ronowal). 

102-4 

I5th August 
1032. 

Do. 

Do. . 

(Ill) Mr. Khoo Tnn 
Byan. 

Tin and allied 
minerals. 

P L. 

(Renewal). 

192-0 

14th August 
1932. 

Do. 

Do. . 

(112) Mr. B.B. Milne . 

Tin 

P.L. 

(Renewal). 

172-8 

24th August 
1982. 

Do. 

. 

(118) Mr £. Ahmed . 

Tin-ore and other 
allied minerals. 

P.L. 

(Renewal). 

276-2 

25th August 
1982. 

Do. 

^0. . 

(114) Mr. Eng Tain 
Lcong. 

Do. 

P. L. 

(Renewal). 

7,680-0 

18th Septem- 
ber 1982. ' 

Do. 

Do. . 

(116) Mr. Udhandaa . 

Do. 

P.L. 

(Renewal). 

550-4 

2lBt Septem- 
ber mi 

Do. 

Do. . 

(116) Do. 

Do. 

P. L. 

(Renewal). 

211-2 

1 4th Septem- 
ber 1932. 

Do. 

Do. . 

(117) Mr. G. H. Hand 

Gold, tin and allied 
minerals. 

P. L. 

(Renewal). 

268-8 

19th Septem- 
ber 1932. 

Do. 






310 


Eecordt 0/ (he Oeaiogioal Survey of India. 


[VoL. LXVII, 


BURMA— contd. 


Dlitrlot. 

Grantee. 

I 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

Term. 

_ 

Hergai 

])o. . 

(118) Saw Haung Po . 

(119) Meaari. The Mala- 
yan and General 
Tniat» Ltd. 

Tin . . . 

Do. . . . 

P. L. 

(Eenewal). 

1 P. L. 
(Eenewal). 

1.280-4 

i098-4 

11th Septem- 
ber im. 

1 Year. 

Do. 

24 tu Bopteui* 
her 1982. 

Minbu 

(120)MeBira. The 
Buimah Oil Oo., Ltd. 

Natural petroleum . 

P.L. 

80-0 

loth May 

1 1982. 

Do. 

Mylngyan . 

(121) Me Bars. The 
YenangyauM Ollfleld 
Southern Extension, 
Ltd. 

Natural petroleum 
(Including natural 
gas). 

P. L. 

1,2800 

27th Septem- 
ber 1982. 

2 years. 

Myltkyina . 

(122) Mr. J. T. 0. Bar- 
nard. 

Mlua and other mi- 
nerals. 

P.L. 

612-0 

25th May 

1982. 

1 year. 

Korthern 
Shan Statea. 

(128) Mr. A. B. Ober- 
lander. 

Gold . 

P.L. 

640-0 

7th December 
1982. 

Do. 

Do. . 

(124) Me Sara. The 
Burma Corporation, 

All minerals . 

P.L. 

1,440-0 

Do. 

Do. 

Do. 

Ltd. 

(126) Do. 

Do. 

P.L. 

1,830-0 

Do. 

Do. 

Do. . 

(126) Do. 

Do. 

P.L. 

480-0 

9th August 
1982. 

Do. 

Do. . 

(127) Do. 

Iron-ore . 

P.L. 

88-4 

6tb March 

1981. 

2 years. 

Do. . 

(128) Mr. A. E. Ober- 
lander. 

Lead and ailver 

! 

P.L. 

(Eenewal). 

820-0 

20th August 
1982. 

6 months or 
until the 
M. L. Is 
g r a n t ed 
whichev e r 
Is less. 

J'.akokku 

(129) U. Myat San 

Natural petroleum 
(including natural 
gas). 

P. L. 

102-4 

19tb August 
1982. 

2 years. 

Do. 

(ISOlMeaars. The 
Bunnah Oil Go., Ltd. 

Do. 

P.L. 

(Eenewal). 

320-0 

24th April 

1982. 

1 year. 

Do. 

(181) Do. 

Do. 

P.L. 

(Eenewal). 

778-2 

28rd Decem- 
ber 1982. 

Do. 

Prome 

(182) Do. 

Do. 

P.L. .j 

4,640-0 

2l8t May 

1982. 

2 years. 

Shwebo 

(1881 Mea are. The 
Indo-Bnnna Petro- 
leum Co., Ltd. 

Do. . ! 

P.L. 

2,647-2 

12th March 
1982. 

Do. 

Do. 

(184) Do. 

Do. 

P.L. 

5,440-0 

14th August 
1982. 

1 year. 

Southern 
Shui Statea. 

(185) Mr. B. C. M. Gar- 
rett. 

All minerals except 
mineral oil. 

P.L. 

761-6 

8th July 1982 

Do. 

Do. . 

(186) Do. 

Do. 

P.L. 

960-0 

8th June 1982 

Do. 

Do. 

(187) Mesais. The 
Shan Statea Sliver 
Lead Corporation. 

Do. 

P.L. 

441-6 

28rd Septem- 
ber 1981. 

2 years. 


V, L^^^Proipeding Liena, Itm. 
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Dlitrict. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
oonuQence- 
ment. 

Term. 

Boiithern 
Shan States. 

(188) Mr. B. C. M. Gar- 
rett. 

All minerals except 
mineral oil. 

P. L. 

871-2 

12th Decem- 
ber 1982. 

1 year. 

Do. 

(180) Mr. flyed Ebra- 
hlin. 

Wolfram. 

P.L. 

040-0 

8th April 1932 

Do. 

Do. . 

(140) Mr. Abdul Haq . 

Do. 

P.L. 

(Renewal). 

640-0 

drd July 1982 

Do. 

Tavoy 

(141) Mr. Teh Lu Pe . 

Tin rtiid wolfram 

P. L. 

1,210-0 

2nd January 
1982. 

Do. 

Do. 

(142) Mr. Mohamed 
Gouse. 

Do. 

P.L. 

1,686-0 

20th April 

1982. 

Do. 

Do. 

(148) U. Ba Oh (2) . 

Tin and allied mi- 
neralfi. 

P. L. 

768-0 

28rd May 

1982. 

Do. 

Do. 

(144) Mr. Teh Lu Pe . 

Do. 

P.L. 

627-2 

10th February 
1982. 

Do. 

Do. 

(146) U. Ohn Nyun . 

Tin and wolfram 

P.L. 

276-2 

7th March 

1982. 

Do. 

Do. 

(146) Mr. H. G. Greg- 
Bon, Calcutta. 

Do. 

P.L. 

108-8 

2l8t May 

1982. 

Do. 

Do. 

(147) Mr. Chan Kee . 

Do. 

P.L. 

768-0 

18th AprU 

1982. 

Do. 

Do. 

(148) Mr. H. G. Greg- 
Bon, Calcutta. 

Do. 

P.L. 

89-6 

29th July 

1982, 

Do. 

Do. 

(149) Do. 

Do. 

P.L. 

70-4 

17th June 

1982. 

Do. 

Do. 

(160) Mr. Teh lu Pe . 

Do. 

P.L. 

204-8 

23rd May 

1982. 

Do. 

Do, 

(161) U. Ba Oh (2) . 

Do. 

P. L. 

172-8 

aiBt May 

1982. 

Do. 

Do. 

(162) D.OhnEyun . 

Do. 

P.L. 

275-2 

7th July 1932 

Do. 

Do. 

(168) Mr. G. A. Tudo . 

Do. 

P.L. 

147-2 

4th August 
1932. 

Do. 

Do. 

(164) U. Ohn Nyun . 

Do. 

P. L. 

384 -U 

7th July 1032 

Do. 

Do. 

(166) Mr. D. R. Bowrio 

All minerals except 
oil. 

P. L. 

640-0 

2ud July 1982 

Do. 

Do. 

(166) Mr. H. G. Greg- 
son, Calcutta. 

Tin and wolfram 

P. L. 

96-0 

20th August 
1932. 

Do. 

Do. 

(167) Mr. Teh Lu Pe . 

Tin and allied mi- 
nerals. 

P.L. 

486-4 

14th July 

1982. 

Do. 

Do. 

(168) Daw ThI . 

Tin and wolfram 

P.L. 

882-0 

27th July 

1982. 

Do. 

Do. 

(169) Mr. Kim Swe . 

Do. 

P.L. 

688-8 

22nd July 

1982. 

Do. 

Do. 

(160) Mr. L. W. Klsum 

All minerals except 
oil. 

P.L. 

224-0 

17th August 
1982. 

Do. 


?.Jj.^mpmpBotingLietnte, U. Mining lM$i, 
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Nature 

Area 

Date of 


District. 

Grantee. 

MinerHl. 

of 

in 

commence- 

Term. 




grant. 

acres. 

ment. 


Tavoy 

(161) Mr. Quah Hun 
Cbeong. '' 

All mlnerak except 
oU. 

P.L. 

1.574-4 

17tb Decem- 

bCTl922. 

1 year. 

Do. 

(162) Do. 

Do. 

P. L. 

390-8 

22nd Pecem- 

Do. 





her 1982. 


Do. 

(168) Messrs. Ilu Fola 

Tin and vroIfraii;i 

P.L. 

211-2 

80 th Novero- 

Do. 


Brot^n. 



her 1981. 


Do. 

(164) Messrs. The Tavoy 

All minerals except 

M.L. 

1,088-0 

Ist February 

30 years. 


Corpora- 

oil. 



1980. ' ' 


Do. 

(166) Po. 

Do. 

ML. 

682-4 

Ist July 1982 

Do. 

Do. 

(166) Messrs. The 

Do. 

M.L. 

89-6 

18th April 1981 

Do. 


Tin 





Do. 

(167) Mr. Khoo Sein 
Shan. 

Tin and wolfraip 

M. L. 

568-2 

16tb March 
1982. 

Do. 

Do. 

(16§) Mesm. The 

ConsolM£i^ Tin 

Mines of Burma Ltd . 

Tin and tun^ten- 
ore. 

M.L. 

820-0 

1st January 
1982. 

Do. 

Do. 

(169) The 

Anglo-Burma Tin 

Tin and allied 

M.L. 

2,080-0 

1st Septem- 

Do. 


minerals. 



her 1982. 


Do. 

Co,, Ltd. 





Do. 

(170) U Ohn Nyon 

Do. 

M. L. 

185-6 

16th Novem- 





her 1982 


Do. 

(171) Do. . 

Tin and \volfram 

P.L. 

768 0 

2&th Septem- 

1 year. 




(Renewal). 


ber 1081. 


Do. 

(172) U Ba Oh (2) . 

Do. 

P. L. 

70-4 

14th Novem- 

Do. 



(Renewal). 


ber 1981. 


Do. 

(173)Mr. Jf.M.Khan . 

Do. 

P.L. 

499-2 

20th Janu- 

Do. 




(Renewal). 

1 

ary 1082, 


Do. 

(174) Mr, D- B. Bowrle 

Do. 

P. L. 

640-0 

7th August 

Do, 




(Renewal). 


1932. 


Do. 

(175) Mr. Quah Hun 

Do. 

P. L. 

64-0 

Ist Septem- 
ber 1082. 

Do. 


(ilheong. 


(Renewal). 



Do. 

(176) Mr. C. Sop Don . 

Do. 

P. L. 

147-2 

24th October 

Do. 



(Renewal). 


1982. 


Thatoo 

(177) Mr. B. 

All minerals except 

P. L. 

486-4 

17th June 

Do. 


reman dez. 

pll. 



1982. 


Do. 

(178)Mau^ Nyun y . 

Do. 

P.L. 

40-0 

nth January 

Do. 



(Renewal). 


1982. 


Tliayetinyo . 

(17fl|)Messtt. The^ndpr 
Buiiua Petroleum Co., 

Natural petfolev^n 
(including natural 

P. L. 

8,840-0 

1 

1 9th Septem- 
ber 1082. 

2 years. 


Ltd , Bangoon. 

$a8). 





Do. 

(180) Do. . 

Do. 

M. L. 

1 

2,400-0 

1st Septem- 
ber 1982. 

; 80 years. 

Do. 

(18:^)Mr.'V^.:^. 

Do. 

P. L. 

441-6 

1 16th August 

1 year 


Bangoon. 


(Renewal). 


1982. 


Vo. 

(182) Messrs. The 

Do. 

P.L. 

2,467-6 

80th June 1932 

Do. 


^^rpiah OUCp., Ltd. 


(BenewaD. 



P. I, •‘Pro$pecHng Lieente. M. L, • Mining Le^n, 
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1 

Nature 

Area 

Date 


Dittflct. 

Grantee. 

Mineral. 

of 

in 

commence- ‘ 

Term. 




grant. 

acres. 

ment. 


Thftyetmyo . 

(188) Mewre. The 

Natural petroleum 

P.L, 

1,984-0 

16th Novem- 

1 year. 


Bnrmah Oil Co., Ltd. 

(inoinding' natural 
gM). 

(Benewal). 


her 1982. 


Upper Chlnd- 

(184) Meisre. Fair- 

Coal . . . 

P.L. 

704-0 

lltb March 

Do. 

vln. 

weather Elchards & 
Go., Ltd., Bangoon, 




1982. 


Do. 

(186) Do. . 

Do. 

P.L. 

668-2 

16th August 
1982. 

Do. 

Do. 

(186) Messrs. The Indo- 

Natural petroleum 

P.L. 

1,410-6 

17th March 

2 years. 


Burma Petroleum 

(including natural 


1982. 


Ck)., Ltd., Eangoon. 

gas). 





Do. . 

(187) Messrs. The 

Do. 

P.L. 

8,820-0 

26tb June 

lyear. 


Burmah Oil Co., Ltd., 


(Benewal). 

1082. 

Do. 

Bangoon. 

(188)Mesn8. The Indo- 

Do. 

P.L. 

2,880-0 

1 

2nd August 

Do. 


Burma Petroleum Co., 
Ltd., Bangoon. 


(Benewal). 

1082. 


1 

Do. . 

(189) Do. 

Do. 

P.L. 

640-0 

6th October 

Do. 



(Benewal). 


1982. 


Yamethln 

(190^^ Hajee Makatlza 

Galena or lead-ore . 

P.L. 

640-0 

29th March 
1982. 

Do. 


CENTKAL PROVINCES. 


Balagbat 

(101) Mr. Eanhiyalal, 
Balaghat. 

Manganese 

M.L. 

194 

6th AprU 1982 

10 years. 

Do. 

(192) Messrs. B. P. 
Byramji & Co., 
Nagpur. 

Do. . 

M. L. 

o 

9th Novem- 
ber 1081. 

6 yean. 

Do. 

(198) Thakur Nasib. 
Singh, Bljagarh. 

Do. . 

M. L. 

7 

17th Novem- 
ber 1981. 

16 yean. 

Do. 

(194) Messrs. B. P. 
Byramji A Co., 
Nagpur. 

Do. . . . 

M.L. 

322 

28th January 
1982. 

6 yean. 

Betul . 

(196) Messrs. F. L. G. 
Simpson and Seth 
S^srual MeghraJ. 

All mineraie . 

P.L 

288 

6tb February 
1982. 

1 year. 

Bbandara 

(196) Messrs. B. Fouidar 
Brothers, Nagpur. 

Manganese-ore 

P.L. 

16 

17th March 
1982. 

Do. 

Do. 

(197) Do. . 

Do. 

P.L. 

7 

Do. 

Do. 

Do. 

(196) Mr. Ganpatrao 
Lazmanrao, Nagpur. 

Flooring stone 

P.L. 

11 

22nd August 
1982. 

Do. 

Do. 

(190) Mtfsrs Earls- 
ohandra and Bhadulal 
of Tumiar. 

Manganese-ore 

M.L. 

0 

6tb May 1982 

10 yean. 

nilaspiir 

(200) Messrs. Gurudatt- 
slngh Mangalchaad. 

l.iiuestonr . . 

Q. C. 

ir> 

27th October 
1981. 

Dn. 

Do. 

(201) The Tata Iron and 
Steel Oo.,Ltd. 

Do. . . . 

Q. L. 

98 

14tb January 
1981. 

Do. 


P. L. mProtp^cHng Lieefiie, Ht MiMtm Lm$t. Q. L. -^^O*** 

F 
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Dlitrlrt. 

Grantee. 

Mineral, 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 
commence- 
ment. 

Term. 

B'laapur 

(202) Mewiw. Bheodyal 
Sawhney A Co,, The 
..Punjab Stone and 
Lime Factory. 

Limestone 

Q.L. 

20 

0th January 
1082. 

10 years. 

Do. . 

(208) Sfeuare. Gurubax- 
slnfrh Uttamaingh, 

contractors of Torwau. 

Do. . 

Q.L. 

24 

29th July 1982 

Do. 

Do. 

(204) Asaram, Bon of 
Durjan, Mahar. 

Clay 

Q.L. 

2 

6th August 
1032. 

2 years. 

Do. 

(206) Mangal, son of 
Puranlk, Kahar. 

Do. . 

Q.L. 

1 

Do. . 

6 years. 

Do. 

(206) Mesers. Nanak- 
chand Phuwaninal 

Chhattrl, contractors. 

Do. . . . 

Q.L. 

2 

22nd August 
1982. 

1 year. 

Do. 

(207) Messrs, Gnrudatt- 
mal Kashlrnm A Co., 
contractors. 

Do. . . . 

Q.L. 

4 

16th Novem- 
ber 1082. 

6 years. 

Do. 

(208) Dharma, son of 
Jlwania, Mahar. 

Do. . . . 

Q. L. 

1 

17th Novem- 
ber 1932. 

2 years. 

Do. 

(209) MeWTS. Dunlop 
and Considine, Ghor- 
dewa Coal Fields, 
Ltd. 

Do. . 

P. L. 

10,297 

8th April 1032 

1 year. 

Chanda 

(210) The firm of Dewan 
Bahadur Ballabhdas, 
Manoolal and Kanhal- 
yalal of Jubbulpore. 

Do. . . . 

Supplemen- 
tary agree- 
ment to 
M. L. 

9 

10th Septem- 
ber 1082. 

16 years. 

Do. 

(211) Messrs. Hasam- 
bhoy A Sons, General 
Merchant, Chanda. 

Ochre 

P.L. 

226 

27th July 1082 

1 year. 

Do. 

(212) Mr. V. 8. Phadke, 
Managing Director, 
The Central Potteries, 
Limited, Nagpur. 

White clay 

Q. L. 

6 

20th February 
1082. 

10 years. 

Clihlndwnra . 

(213) Mr. J. N. 
Maziimdar. 

Limestone 

Q. L. 

2 

6th August 
1032. 

10 years. 

Do. 

(214) Thn Hlrdagarh 
Collieries, Ltd. 

Coal 

M. L. 

166 

25th April 1032 

18 years. 

Do. 

(216) Messrs. S. C. 
Cambata A Co. 

Do. . 

P. L. 

262 

11th January 
1082. 

1 year.' 

Do. 

(210) Do. 

Do. . . . 

P.L. 

486 

Do 

Do. 

Do. 

(217) Do. 

Do. . . . 

P.L. 

479 

Do. 

Do. 

Do. 

(218) Hajl Syed 
7ahlruddln of Oawn- 
pore. 

Do. . . . 

P.L. 

423 

16th February 
1082. 

Do. 

Do. 

(219) Lala Budhoolal 
of Ghoraworl. 

Do. . . . 

P.L. 

148 

9th April 1082 

Do. 

Do. 

(220) Messrs. S. C. 
Cambata A Co. 

Do. . 

P.L. 

(Not 

given) 

Entire 

village. 

10th May 1082 

Do. 


P. L. - PntfiieHn^ Heme. M. I,. - MMnff Lease, Q. I. mQuarrp Learn, 
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District. 

Grantee. 

^Uneral. 

Nature 

of 

grant. 

Area 

in 

acres. 

■' 

Date of 

CO mmence- 
ment. 

Term. 

Ohhlodwara . 

(221) lUji Syed 

Zanliaddln of Cawn- 
pore. 

Limestone 

P.L. 

105 

8th July 1082 

1 year. 

Do. 

(222) The Central 
Provinces Contracting 
and Mining Syndicate. 

Do. . . . 

P.L. 

242 

10th August 
1682. 

Do. 

Do. 

(223) The Amalgamated 
Coal Field Ltd. 

Do. . . . 

P.L. 

217 

2ad Septem* 
ber 1682. 

Do. 

Do. 

(224) Messrs. Mangal 
Singh Ishwar Singh. 

Do. . . . 

P. L. 

267 

6th Septem- 
ber 1032. 

Do. 

Do. 

(225) Do. 

Do. 

P.L. 

701 

Do. 

Do. 

Do. 

(226) Lala Budhoolal . 

Do. . . . 

P.L, 

441 

24th Novem- 
ber 1032. 

Do. 

Do. 

(227) Do. . 

Do. . . . 

P.L. 

887 

Do. 

Do. 

Do. 

(228) Do. . 

Do. . . . 

P.L. . 

282 

Do. 

Do. 

Jubbulpors . 

(229) Katnl Cement and 
Industrial Co., Ltd. 

Clay 

Q. L. 

7 

25th January 
1632. 

10 years. 

Do. 

(280) Pandit Chakorilal 
Pathak. 

Bauxite 

M. L. 

1 

26th Febru- 
ary 1932. 

Do. 

Do. 

(281) Messrs. Dyers 
Stone Lime Co., Ltd. 

Limestone 

Q. L. 

21 

Ist January 
1082. 

Do. 

Do. 

(282) Mr. Nassarwanjl 
Maneckji, Dubash. 

Do. . 

Q. L. 

14 

6th February 
1982. 

Do. 

Do. 

(233) Messrs. Uamciiand 
Badri Parshad. 

Do. 

Q.L. 

5 

4th Septem- 
ber 1932. 

Do. 

Do. 

(284) Seth Gangadhar 
Bameshwardass. 

Fine clay 

P.L. 

51 

12th June 1082 

1 year. 

Do. 

(235) Messrs. Shrl 

Onama Glass Works. 

Sand 

Q.L. 

1 

27th Juno 1032 

10 years. 

Do. 

(236) Pandit Chakorilal 
Pathak. 

Bau\lte . 

M.L. 

1 

20th July 1932 

6^ years. 

Do. 

(287) Do. . 

Limestone 

Q.L. 

8 

25th Febrnacy 
1982. 

10 years. 

Do. 

(288) Do. . 

Bauxite . 

P. L. 

5 

4th Hay 1082 

1 year. 

Do. 

(286) Mr. Banaamp 
Sharma. 

Limestone 

Q.L. 

4 

28rd FobruAry 
1982, 

10 year*. 

Do. 

(240) Do. . 

Do. . . . 

Q.L. 

2 

Do. 

Do. 

Do. 

(241) Messrs. Bum & 
Co., Ltd. 

Clay 

Q.L. 

40 

Ist May lost. 

Do. 

^ 0 . 

(242) Mr. Kaasarwanji 
Manec^i, Dubaab. ' 

Limestone 

Q.L. 

4 

18th August 
1081. 

Do. 

Do. 

(248) Pandit OhakorOal 
Faibak. 

Bauxite . 

P.L. 

8 

22Bd August 
1082. 

1 year. 


P, L . ^ProtpecHng Hems. M. Mining Lwh, Q. L. -Qvafry leate. 

F 2 
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CENTRAL PROVINCES-concW. 


DUtriot 

Grantee. 

Hineral. 

Nature 

of 

grant. 

Area 

in 

arrea. 

Date Of 
oonunenoe- 
ment. 

Term, 

Jubbolpon . 

(244) Hr. Kasaarwanjl 
Mane^l, DubaatL 

Llmeatone 

Q.L, 

4 

26tb Novem* 
ber 1982. 

10 years. 

Nagpur 

(246) Hesars. Eeabam, 
son of Dnrga and 
DeTideen, aon of 
lazman, ^umbbar. 

Clay . . . 

Q.L. 

1 

28rd Novem- 
ber 1981. 

Do. 

Do. 

(246) Idjr.H. A. Bnsaq. 

Manganeae-oro 

M.L. 

114 

lit December 
1981. 

Do. 

Do. 

(247) Meean. Budbya, 
aon of Oaneaba and 
Upaahya, aon of 
OoTlnda, Mabara. 

Olay 

Q. L. 

1 

lat February 
1982. 

6 years. 

Do. 

(248) Heaaia. Oke 

Brotbera. 

Building stone, late> 
rite and clay. 

Q.L. 

0 

29th June 1982 

10 yean. 

Do, 

(240) Hr. Shamjl 

Naranjl. 

Hanganeae-ore 

M.L.. 

1 

2nd July 1982 

4 years. 

Btlpur 

(260) Maaan. S. 0. Boae 
A Co., Oontractora. 
Bnlpur. 

1 

3 

P. L. 

2y 

18tb June 1982 

1 year. 

Do. 

(261) Do. 

Clay . . . 

P.L. 

24 

20tb Decem- 
ber 1982. 

Do. 

Do. 

(262) lUl Bahadur Dau 
Ealyanalngb, Tabut- 
dar of Tarenga. 

Building stones 

Q.L. 

18 

8th July 1982. 

5 yean. 

Teotmal 

(268) Oanpatrao Lax* 
manrao. 

Limestone 

P. L. 

38 

14th June 1982 

1 year. 

Do. 

(264) Do. 

Do. . . . 

P.L. 

8 

Do. 

Do. 

Do. 

(266) Hr. H. D'Ooata 

Do. 

P.L. 

27 

16th October 
1982. 

Do. 


MADRAS. 


Anantapur . 

(266) H. Bajagopala 
Nayudu. 

Barytes . 

M.L. 

40>06 

80th Novem- 
ber 1982. 

10 yean. 

Ohtngleput . 

(257) Hews. Pany A 
Oo.»Ltd.,HadraB. 

White clay 

M.L. 

005 

lat April 1082 

Do. 

Do. . 

(258) H. B. By. Bao 
Sahib A. K. Wa- 
natban, Fnglneernig 

Limestone 

M. L. . 1 

452'60 
(elfeetlve 
operation 
in 126-82 
aorea 
only) 

7th August 
1982. 

6 years. 


Contractor. 





Do. 

(259) President, Dis- 
trict Board, Ohlngle- 
pat. 

Hetal and gMvel 

'k.l. . 

6-95 

1st August 
1981. 

Do. 

Do. 

(260) H. B. By. B. P. 
SeahaBeddi. 

steatite . 

M. 1. 

64-81 

251h May 1982 

30 yean. 


P. L. •"ProtptHing JMoena^. M. L, -^^ining Lme, Q. L. • QumM 
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MADRAS — contd. 


Dlitriet. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

[Term. 

Ohlngleput— 

contd. 

(261) M. R. Ky. G. 
Slngarayya Cbetti. 

Barytes . 


P. L. 

1-90 

26th Novem- 
ber 1982. 

1 year 

Do. 

(262) Do. 

Do. . 


P.L. 

1-02 

Do. 

Do. 

Do. 

(263) Khan bahlb K. 
AMiii fiye. 

Do. . 


P.L. 

69-00 

Bth March 

1982. 

Do. 

Do. 

(264) M. K. Ry. B. B. 
Sesba Eeadi. 

Do. . 


P.L. 

1630 

24th Pebruary 
1982. 

Do. 

Do. 

(205) Do. 

Do. . 


P.L. 

4-88 

26th Pebruary 
1982. 

Do. 

Do. . 

(200) Do. 

Do. . 


P. L. 

lS-80 

26th March 
1982. 

Do. 

Do, . 

(267) Do. 

Do. . 


P.L. 

4-66 

27th February 
1982. 

Do. 

Do. 

(268) M. E. Ry. V. 
V enkataaubbayya. 

Barytes, iron-ore and 
manganese. 

P.L. 

80-20 

12th February 
1932. 

Do. 

Do. 

(26») M. E. Ey. B. P. 
SeidiaEeddl. 

Barytes . 


P.L. 

24-00 

6th March 1032 

Do. 

Do. 

(270) Do. 

Do. . 


P. L. 

4-80 

22nd April 
1082. 

Do. 

Do. . 

(271) Do. 

Do. 

• • 

P.L. 

7-60 

22nd April 
1982. 

Do. 

Do. 

(272) Janub Ashroff 
[ Hiusain EbauJ. 

Do. 

• • 

P. L. 

30-00 

6th April 1982 

Do. 

Do. 

(273) Mandozle Janab 
Bapajl Abdul Nabl 
Sahib. 

Do. . 

• 

P.L. 

10-92 

4th February 
1932. 

Do. 

Do. 

(274) Do. 

Do. . 


P.L. 

47-22 

9.9.n6 Myfdl 

1982. 

Do. 

Do. 

(276) Do. 

Do. . 


P.L. 

46-26 

2l8t March 
1932. 

Do. 

Do. 

(276) Janab J. Yareen 
Khan Sablb. j 

Do. . 


P.L. 

4-84 

Ist October 
1982. 

Do. 

Do. . 

(277) Janab Baparl 

Abdul NabI Sahib. 

Do. . 


P, L. 

42-00 

20th October 
1982. 

Do. 

Do. 

(278) M. B. Ey. B. 
Yenlutaawami Cbetti. 

Do. 

• • 

P.L. 

87-20 

18th Angnst 
1982. 

Do. 

Do. 

(279) Do. 

Lead, ziuc and 

barytes 

P.L. 

16-00 

Oth August 

1982. 

Do. 

Do. 

(280) Do. 

Kaolin and 
ochre. 

yellow 

P.L. " . 

6-00 

26th August 
1982. 

Do. 

Do. . 

(281) Do. 

China day 


P.L. 

2-00 

17th August 
1982. 

Do. 

Do. . ^ 

(282) Do. 

Bed oxide ol Iron . 

P.L, 

20K)0 

26th August 
1982. 

Do 

Do. 

(28S) Janab J. Taieen 
Khan Sahib. 

Barytes . 

• 

P. L. 

288-78 

15th July 

1982. 

Do. 


?,JA^Pro9p9cNMgLic$nt$, Xiom. 
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MADBAS-oonA!. 


Diltziot. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

In 

acres. 

Date of 

00 mmen ce- 
ment. 

Term. 

Chingleput— 

(Hmdd. 

(284) Janab Bepari 

Abdul Nabi Sahib. 

Barytes . 


P.L. 

60*00 

2nd Septem- 
ber 1082. 

1 year. 

Do. . 

(285) Janab AshiolT 

Bujwaln Khan 

Mandoile. 

Do. . 

• 

P.L. 

8*96 

Bth July 1082. 

Do. 

Do. . 

(286) Do. 

Do. . 


P.L. 

28*07 

Do. 

Do. 

Do. . 

(287) Do. 

Do. . 


P.L. 

12*00 

Do. 

Do. 

Do. 

(288) M. B. By. B. 1\ 
Seeha Eeddl. 

Stoatlto . 


P.L. 

27*50 

24th Decem- 
ber 1082. 

Do. 

Do. . 

(280) Do. 

Calcltc . 


P.L. 

23*68 

6th Novem- 
ber 1982. 

Do. 

Do. . 

(200) Janab, J. Yareen 
£han Sahib. 

Barytes . 


P.L. 

106*00 

26th Novem- 
ber 1982. 

Do. 

Do. 

(201) M. B. By. C. 
Manavalan. 

Lead-ore . 


P.L. 

2*18 

6th December 
1982. 

Do. 

Cuddapah . 

(202) Mr. S. S. Guzdar, 
Calcutta. 

Barytes . 


P. L. 

4*80 

28rd August 
1032. 

Do. 

Do. 

(203) M. B. By Bachu 
Venkatasubb^a. 

China clay 


M.L. 

6*04 

Iflt July 1032. 

6 years. 

Do. 

(294) Messrs. D. Mohl- 
deen Sahib & Sons, 
Bellary. 

Yellow ochre 


M.L. 

8*00 

29th Novem- 
ber 1082. 

Do. 

Do. 

(296) Mr. Muhammad 
Bahlmthulla. 

Asbestos 


P. L. 

201*24 

18th Novem- 
ber 1081. 

1 Year, 

])o. 

(296) Mr. S. S. Guidar 

Do. . 


P. L. 

56*28 

3rd June 1082 

Do. 

])o. 

(207) M. B. By. A. 
Eristnappa. 

Barytes and 
ochre 

yellow 

P.L. 

326 07 

24tb AprU 

1982. 

Do. 

Do. . 

Do. 

(208) Mj. S. S. Giudar. 

(209) M. B. By. G. K. 
Bamaswaml Nayudu, 
Madras. 

Barytes . 

Galena . 


P. L. 

P. L. 

26*60 

46*86 

28rd August 
1982. 

26th April 

1932. 

Do. 

Do. 

Do. , 

(300) Mr. Thomas Tiffin, 
Calcutta. 

Barytes . 


P.L. 

80*66 

7th December 
1081. 

Do. 

Do. 

(801) Mr. Abdul Hakeen, 
Calcutta. 

Do. 


P.L. 

109*00 

14th March 
1082. 

1 Do. 

Do. . 1 

(802) Mr. Thomas Tiffin 

Do. . 


P.L. 

122*61 

19th Decem- 
ber 1031. 

Do. 

Nellore 

(808) B.Venkatakrish- 
na^a. 

Mica . 

• • 

M.L. 

4*68 

25th Nov^- 
berlOSl. 

80 yean. 

Do. . 

(804) C. Subbarami 

Beddl. 

Do. . 


M.L. 

4*17 

8rd December 
1081. 

Do. 

Do. 

(806) T. Venkataeubba 
Bayudu. 

Do. 


M.L. 

0*77 

20th June 

1082. 

Do. 

Do. 

(^C. .Bubbaraml 

Do. 


P.L. 

1-06 

4th December 
1981. 

1 year. 
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Dlitilct. 

Grantee. 

Mineral. 

Nature 

of 

grant. 

Area 

in 

acres. 

Date of 
commence- 
ment. 

Term. 

Ifellorfr-~MnM 

(807) P. Venkayya 

Mica . . . 

P.L. 

24-08 

28rd March 
1932. 

1 year. 

Do. . 

(808) P. Papl Eeddi . 

Do. . . . 

P.L. 

16-60 

16th July 

1982. 

Do. 

Do. . 

(809) P. Veiikayya 

Do. . . . 

P. L. 

68-63 

17th Septem- 
ber 1982. 

Do. 

TInnevelly . 

(810) Anuavl Palpattina 
JSadar. 

Garnet sand . 

M.L. 

2-48 

18th October 
1932. 

6 years. 


NORTH-WEST FRONTIER PROVINCE. 


Banuu 

(311) Messrs. The Indo- 
Burma Petroleum Co., 
Ltd. 

Natural petroleum 
(including natural 

gas). 

P.L. 

(Renewal) 

8,723-2 

8rd February 
1082. 

1 year. 

Do. . 

(812) Do. 

Do. 

P.L. 

(Renewal). 

3,040 0 

8rd August 
1932. 

Do. 

Do. 

(818) Messrs. The 

Burmah oil Co., Ltd. 

Do. 

P. L. 

(Renewal). 

13,248 0 

2Ld Septem- 
ber 1932. 

Do. 

Dera IsmaU 
jkhan. 

(314) Messrs. The Indo- 
Burma Petroleum Co., 
Ltd. 

Mineral oil 

P.L. 

(Renewal). 

2,905-2 

lOtL Septem- 
ber 1932. 

Do 

Do. 

(816) Do. 

Natural petroleum 
(Including natural 

gas). 

P.L. 

(Renewal). 

1,321-0 

loth March 
1932. 

Do. 

Do. 

(816) Messrs, The 

Attock oil Co., Ltd. 

Mineral oil 

P.L. 

(Renewal). 

1600 

2Gth Novem- 
ber 1982. 

Do. 



PUNJAB. 




Attock. 

(317) Messrs. The 

Attock oil Co., Ltd. 

Natural petroleum . 

P. L. 

i.o.va 0 

lUtli Novem- 
ber 1932. 

2 years. 

Jholum 

(318) Mr. L. Ram Lai. 

Coal . . . 

M.L. 

80 0 

18tli February 
1930. 

16 years 

Do. 

(819) Bhal Haxura 

Mai. 

Do. 

P.L. 

68-8 

Ist February 
1982. 

1 year. 

Do. . 

(320) Mr. L. Ishar Das 
Kapur. 

Do. . . . 

P. L. 

63-0 J 

31at August 
1032. 

Do. 

Do. 

(821) Executors of the 
Estate of Late L. 
Shankar Das, Chuni 
Mundi, Lahore. 

Do. 

M.L. 

765-0 : 

20th August 
1932. 

30 years. 

Do. . 

(822) Do. 

Do. , . . 

M. L. 

466-6 

Do. 

Do. 

Do. . 

(823) Do. 

Do. . . . 

M.L. 

1,016-2 

Do. 

Do. 


P. L . -ProipioHng Lieetm. K. L. AfiniMf Leat^. 
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Llitriot. 

Grsntee. 

1 

Mineral. 

J^ature 

oi 

grant. 

Area 

Jn 

acres. 

Date of 
oommenoe' 
ment. 

Term. 

Jhelum— 

contd. 

(8^ Mr. L. Charaojlt 

Goal 

M.L. 

54-6 

Ist October 
1982. 

26 yean. 

Do. 

(826) Bbti Hasurs Mai 

Do. . . . 

P.L. 

606 

18th October 
1932. 

1 year. 

Do. 

(326) Mr. I. Sant Bam 
Kapur. 

Do. . 

P. 

72-8 

Do. 

Do. 

Do. . 

(827) Mr. L. Ishar Das 
Kapur. 

Do. . . . 

P. L. 

60‘6 

8th Novem- 
ber 1982. 

Do. 


P. L. -•Proipectipg Lwnae. M. L.* Afimwy Leuae. 


SUMMARY. 


Province. 

Prospecting 

License. 

Mining 

Lease 

Quarry 

Lease. 

Total of each 
Province. 

AJmer-Merwara 

0 

3 


9 

Assam 

13 

1 


14 

Baluchistan 

•• 

3 

•• 

3 

Bengal 




1 

Bihar and Oiittsa 


- 


4 

Bombay 

1 

3 


4 

Burma 

142 

13 


165 

Central Provinces 

28 

11 

20 

06 

Madras . 

44 

11 

.. 

65 

North-West Frontier Province .... 

6 



0 

Punjab . ‘ 

0 ! 

6 


11 

Total of each kind and grand total 

1 

249 

62 

26 

827 

Total for 1981 

(0)271 

64 

16 

861 


(a) Inohidiog oae Exploring License. 
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CLASSIFICATION OF LICENSES AND LEASES. 


Table 49 . — Pros'pecting Licences and Mining Leases granted in Ajmer- 
Merwara during the year 1932. 


District. 

1932. 

No. 

Area in 
Acres. 

Mineral. 

Ajiiier .... 

Do 

Do 

Do. .... 
Beiawar 

Do. 

Total 

Prospeoti 

1 

1 

1 

1 

1 

1 

NO Licenses. 
7-2 
2*8 
0-8 
184 
3-6 
1-6 

Iron and copper. 

Mica. 

Beryl and felspar. 

Asbestos and greenstone. 
Asbestos and soapstone. 

Red and yellow ochres. 

6 

•• 


Mining Leases. 


Aj mer .... 

1 

4.4 

Kaolin, mica, feslpar, green- 




stone, muscovite, garnet. 




and beryl- ore. 

Do 

1 

4-2 

Klaolin. 

Do 

1 


Mica. 

Total . 

3 

•- 



Table 50.—Prosp€ctirbg Licenses and Mining Lease granted in Assam 

during the year 1932. 


District. 

1932. 

1 

1 

No. 

Area in 
Acres. 

Mineral. 


pROSPBOTiNG Licenses. 


Gaehar .... 

3 1 

6,160-4 

Natural petroleum. 

Lakhimpur 

0 1 

16,611-6 

£ 0 . 

Do. . . . 

1 1 

1,190-4 

CoAl 

Sylhet .... 

3 I 

- -,i 

16,603-2 

Mineral oil. 

Total 

13 

1 

-• 



MiNiNa Lbabb. 

Lakhimpur . . . | 1 ( 2,660-0 [ Goal 
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Tabls 51. — Mining Leases grants in Baluchistan during the year 1932, 



1932. 

DisTBirr. 

No. 

Area in 
Acres. 

Mineral. 

Quetta Pishin 

3 

960 

Coal. 


Table 52. — Prospecting License granted in Bengal during the year 

1932. 


1932. 


Distkict. 

No. 

Area in 
Acres. 

Mineral. 

Chittagong 

1 

4,000 

Natural petroleum. 


Table 53. — Prospecting Licenses and Mining Leases granted in Bihar 
and Orissa daring the year 1932, 


Distbiot. 

1932. 

No. 

Area in 
Acres. 

Mineral. 




Peospbot] 

ENG Iaobnsbs. 


Angul 



1 

64(h0 

Oolire. 

Singhbhum 

• 


1 

4Q8-0 

Chroraita 


Total 


2 






MlNlNO Lbabbs. 


SinghbhunaL 

, , 

, 

1 

500-0 

Iron and manganese. 

Do. 

• 


1 

366*6 

Chromite. 


Total 

• 

2 

•• 
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Table 54 . — Prospecting License and Mining Leases granted in the Bom- 
bay Presidency during the year 1932, 


District. 

1932. 

No. 

Area in 
Acres. 

Mineral. 


pRospEOTiNO License. 


Itatnagiri . . . | 

1 

1,280 

Chromite. 


Mining 

Leases. 


Kanara 

2 

108 

Manganese- ore. 

Do. .... 

1 

172 

Chromite. 

Total 

3 

•• 



Table 55 . — Prospectiiig Licenses and Mining Leases granted in Burma 

during the year 1932, 


1 

1932. 

District. 

No. 

Area in 
Acres. 

1 Mineral. 


P&OSFSOTINO LiOSnSBS. 


Akyab .... 

8 

24,250-4 

Amherst 

1 

640-0 

Lower Chindwin 

4 

10,973-0 

Magwe .... 

6 

10,916-0 

Mergui .... 

33 

18,291-2 

Do. . . . 

17 

7,056-4 

Do. . . . 

3 

1,081-6 

Do. . 

2 

768-0 

Do. 

1 

44-8 


Natural petroleum (including 
natural fas). 

All mineraJs except oil. 

Natural petroleum (including 
natural gas). 

Do. 

Tin and allied minerals. 

Tin. 

Tin and wolfram. 

Tin, wolfram and other allied 
m^erals. 

All minerals except oil and 
precious stones. 
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Table 55. — Prospecting Licenses and Mining Leoues granted in Burma 
during the year 1932 — oontd. 



1932. 

District. 

i 

No. 

Area in 
Acres. 

Mineral. 


Peospeotinq Licenses — coiUd , 


Mergni . . • • 

3 

1,8170 

Tin and all other minerals 
except oil. 

Do. ... 

2 

059-2 

Gold, tin and allied minerals. 

Minbu . . • • 

T 

800 

Natural petroleum. 

Myingyaii 

1 

1,2800 

Natural petroleum (including 
natural gas). 

Myitkina 

1 

6120 

Mica and other minerals. 

Northern Shan States 

1 

640-0 

Gold. 

Do. . . • 

3 

3,260-0 

All minerals. 

Do. . . • 

1 

38-4 

Iron-ore. 

Do. . . • 

1 

320-0 

Lead and sUver. 

Pakokku 

3 

1,200-6 

Natural petroleum (including 
natural gas). 

Prome . . . • 

1 

4,640-0 

Do. 

Shweho 

2 

7,987-2 

Da 

Southern Shan States 

4 

2,634-4 

All minerals except mineral 
oil. 

Wolfram. 

Do. 

2 

1,280-0 

Tavoy .... 

22 

9,164-0 

Tin and wolfram. 

Do 

3 

1,881-6 

Tin and allied minerals. 

Do 

4 

2,836-2 

All minerals except oil. 

Thaton . . • • 

2 

626-4 

Da 

Thayetmyo 

4 

I 8,723-2 

Natural petroleum (including 
natural gas). 

Upper Chindwin 

2 

1,267-2 

CoaL 

Do. 

4 

13,259-5 

Natural petroleum (including 
natural gas). 

Ycjnethin 

1 

640-0 

Galena ore and lead. 

Total 

142 

•• 



Mining Leases. 


Menmi .... 

3 

1 

766-2 

332-8 

Tin. 

Gassiterite and associated 




minerals. 

Do 

1 

230-4 

Gassiterite and tin-ore. 

Tavoy .... 

3 

1,760-0 

All minerals except oil. 

Do" . 

2 

883-2 

Tin and wolfram. 

Do 

2 

2,266-6 

Tin and allied minmals. 

Thayetmyo . 

1 

2,400-0 

Natural petroleum (including 
natural gas). 

Total 

13 

•• 
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Table 66. — Proepecting Licenses and Mining and Quarry Leases 
granted in the Centred Provinces during the year 1932. 


District. 

1932. 

No. 

Area in 
Aore^. 

Mineral. 

Betul .... 
Bhandara 

Do. . . . 

Bilaspur 

Chanda 

Chhindwara . 

J ubbulpore 

Do. . . . 

Raigar .... 

Yeotmal 

Total 

Peosfeoti 

1 

2 

1 

1 

1 

14 

1 

2 

1 

1 

3 

NO Licenses. 

283 

23 

11 

10^97 

226 

4,614 

61 

8 

23 

24 

73 

All minerals. 

M’anganese-ore. 

Flooring stone. 

Coal. 

Ochre. 

Coal. 

Fireclay. 

Bauxite. 

Flagstone. 

Clay. 

Limestone. 

28 



Mining 

Leases. 


Balaghat 

4 

626 

Manganese. 

Bhandara 

1 

9 

Do. 

Chanda 

1 

9 

Coal. 

Chhindwara . 

1 

166 

i Do. 

Jnbbulpore 

2 

2 

Bauxite. 

Nagpur 

2 

116 

Manganese- ore. 

Total 

11 

•• 



Quarry 

Leases. 


Bilaspur 

4 

167 

limestone. 

Do. ... 

5 

10 

Clay. 

Chanda 

1 

6 

White clay. 

Chhindwara . 

1 

2 

limestone. 

Jnbbulpore 

2 

47 

Olay. 

Do. ... 

8 

62 

limestone. 

Do. ... 

i 

1 

Sand. 

Nngpur 

2 

2 

Clay. 

Do. 

1 

9 

Building stone, lat.efi<e find 




clay. 

Raipur .... 

1 

18 

Building stones^ 

Total 

26 

.. 
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Tablb 67. — Prospecting Licenses and Mining Leases granted in the 
Madras Presidency during the year 1932. 


1932. 


Distsiot. 


No. 


Area in 
Acres. 


Mineral. 


Peospbottno Licenses. 


Chingleput 




23 

902-16 

Barytes. 

Do. 

• 



1 

80-20 

Barytes, iron-ore, anc 

manganese- ore 

Do. 




1 

16-00 

Lead, zinc, and barytes. 

Do. 




1 

6-00 

Kaolin and yellow ochre. 

Do. 




1 

2-00 

China clay. 

Do. 




1 

20-00 

Red oxide of iron. 

Do. 




1 

27-50 

Steatite. 

Do. 




1 

23-68 

Caloite. 

Do. 




1 

2-18 

Lead- ore. 

Ouddapah 




5 

302-46 

Bar5rtes. 

Do. 




2 

347-47 

Asbestos. 

Do. 




1 

326-67 

Barytes and yellow ochre. 

Do. 




1 

46-36 

Galena. 

Nellore . 




4 

109-12 

Mica. 


Total 

• 

44 

•• 



Mining Leases. 


Anantapnr 

1 

49-96 

Barytes. 

Chingleput 

1 

0-96 

White clay. 

iSj. 

1 

452-60 

Limestone. 

Do. ... 

1 

6-96 

Metal and gravel. 

Do. 

1 

64-31 

Steatite. 

Ouddapah 

1 

6-94 

China clay. 

Do. 

1 

8-00 

Yellow ochre. 

Nellore .... 

3 

9-57 

Mioa. 

!nnnevelly 

1 

2-48 

Garnet sand. 

Total 

11 


- 
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Table 68. — Prospecting Licenses granted in the North-West Frontier 
Province duriyig the year 1932, 


Distbiot. 


1032. 

No. 

Area in 
Aores. 

Mineral. 

Baoinu .... 

3 

25,011-2 

Natural petroleum (including 

Dera Ismail Khan . 

1 

1,321G 

natural gas). 

Do. 

Do. 

2 

3,145-2 

Mineral oil. 

Total 

6 

•• 



Table 69. — Prospecting lAcerises and Mining Leases granted in the 
Punjab during the year 1932, 


Disteict. 

1932. 

No, 

Area in 
Acres. 

Mineral. 


Pbospbotino Licenses. 

Attock .... 

1 1 

1,063-0 

Natural petroleum. 

Jhelura .... 

5 

306-6 

Coal. 

Total 

6 

1 

•• 

- 


Mining Lease. 


Jhelum . . . . 1 

1 ^ 1 

1 2,360-7 

1 Coal. 
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Geological Notes on Traverses in Tibet made by Sir 
Henry Hayden in 1922. By A. L. Coulson, M.Sc., 
D.I.C., F.G.S., Assistant Superintendent, Geological Survey 
oj India. 


introduction. 


The purpose of this paper is to give a summary of certain 
hitherto impublished notes made by the late Sir Henry Hayden in 
1922 in Tibet ; and, also, to record the names 
and localities of certain specimens and minerals 
collected then by him. These specimens are registered in the 
collections of the Geological Survey of India under the numbers 
32-366 to 32-382, 


Purpose of paper. 


Delay in publication. 


Certain of the rocks were examined by Mr. C. T. Barber in 1923 
and all have been re-examined by the author. 

The delay in the publication of the results of Sir Henry’s traverses 
has been due to a variety of causes. The details in one of Sij 
Henry’s original field notebooks, were tran- 
scribed with great care by Sir Edwin Pascoe, 
who hoped to be able to construct from the notes a geological map 
of the tracts to the north-west and north of Lheisa. Reference may 
be made to Sir Edwin’s ‘ General Report for 1926 ’ ^ in which a very 
brief summary of Sir Henry’s work is given. More recently Dr. G. 
de P. Cotter endeavoured to construct a map. But the details 
given by Sir Henry in his notes are too incomplete for this result 
to be obtained. 


Sir Henry’s second field notebook has only been recently obtained 
through the courtesy of Mr. A. A. Vlasto, who discovered it among 
some of Sir Henry’s effects. The details given in this book refei 
to the area to the east and south-east of Lhasa (Traverses 7 and 8 
on page 331) and have been transcribed by the author. 


1 Bee. OtoL Surv, Ind., LIX, pp. 18-19, (1927). 
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Mention may be made here, however, of Plates A and B accom- 
panying Volume V of Sven Hedin’s ' Southern Tibet where 
Geological maps of B lias teen constructed from the traverse 

TilMJt. details given on Plate A. 

The geological details on Plate B overlap to a slight extent the 
area traversed by Sir Henry Hayden near Wom-po (31° 24' : 86° 
33'), where the rocks are shown by Henning as ‘ Jura-Neocom : 
Quartzitische Sandsteine, Phyllite, Jaspis Bocks shown by him 
as ' Spateocan : Liparite, Dacite, Andesite, Basalte ’ would appear 
to extend to the area between Nya-pa (31° 0' : 87° 27') and Shen- 
tsa Dzong (30° 57' : 88° 38'). 

Sir Henry Hayden’s geological map of parts of the Province of 
Tsang and U in Tibet, forming Plate 15^ of Mcmoiri^ of the Geological 
Surv(y of India, XXXVI, Part 2, shows geological details immed- 
iately to the north and west of Lhasa (29° 39' : 91° 8'), the rocks 
being Crystallines and Cretaceous with large areas of Jurassic rocks 
further to the north and to the south-east. 

Mention may be made here of the brief summary of the geology 
of the ‘ Trans-Himalaya ’ region of Tibet given by E. Trinkler 

also of the reference to Sir Henry Hayden’s work made by A. M. 

Heron in the revised edition of Hayden and Burrard’s ^ Geography 
and Geology of the Himalaya Mountains and Tibet’. ^ 

It may be recalled that a popular account of Sir Henry’s exped- 
ition to Tibet has been published under the title ‘ Sport and Travel 

in the Highlands of Tibet’, by Sir Henry 

Popular account of Hayden and Cesar Cosson (London, 1927). 
ir Henry 8 expedition. from brief mention of gold, salt, shales, 

limestones, sandstones, etc., this book is devoid of geological in- 
formation. However the regions to the north-west and north of 
Lhasa, from which the specimens described herein under Traverses 
1 to 6 (page 331) were collected, are described in Chapters V to VII 
(pages 95-190) of this book ; the Thak-po region (Traverses 7 and 8) 
is described in Chapter VIII (pages 191-228). Moreover the map on 

^ Anders Henning, ‘ Zur Petrographio und Geologic von Sudwesttibet Stockholm, 
(1916). 

• Plate XLVII of S. G. Burrard and H. H. Hayden's * Geography and Geology 
of the Himalaya Mountains and Tibet *, Calcutta, (1907-08). 

•‘Tibet: sein geographisohes Bild und seine Stellung im Asiatischen Kontinent 
MiUtU, d, Qeogr, Qes, MUnchen, XV, pp. 76-77, (1922). 

* Pt. IV, ‘ The Geology of the Himalaya \ p. 328, (in the press). 


O 
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the scale of one inch to F.Ixteen miles which accompanies the book, 
shows most of the places mentioned in this paper. 

The palsBontological results of Sir Henry’s expedition have been 
published in the form of two papers : — ‘ Some Orbitolinse from 

PalKontological re- ’> Cotter and ‘Upper 

suits of sir Henry’s Carboniferous Fossils from Tibet by Dr, F. 
traverses. q Eeed. ^ Eeference to these papers has 

been made in the text of this paper. 

For descriptive purposes, Sir Henry’s journeys described herein 
may be considered as being composed of the following traverses, 

SuMlvWon of traver- direction and extent of wiioh may be 
M( lor descriptive pur- gathered from a study of the slcetch map 
’*“***• forming Fig. 1 



Fio 1. — Sketch map showing the trovorsos in Tibet (ohov n by defied lines) made by 
Sir Henry Hayden in 1922. 

(1) Lhasa (29® 39' : 91® 8') to Shen-tsu Dzong (30® 67' : 88® 

88 '). 

(2) Shen-tsa Dzong to Wom-po (31® 24' : 86® 38') on the Tang 

Ra Tso vid the Lam-lung La (30® 68' : 87° 68') and 
Ge-mar (31® 12' ; 87® 12'). 


> Bte. Geol. Bun. Ind., Lp, pp. 860-367, (1029). 
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(3) Ge-mar to Shen-tsa Dzonf; vid Ma-gu-chung (31® 19' : 87® 

59') and the southern shore of the Kya-ring Tso. 

(4) Shen-tsa Dzong to Kya-tsog (31° 31' : 87° 49') along the 

northern shore of the Kya-ring Tso. 

(5) Shen-tsa Dzong to Lhiun-po (32° 6' : 89° 41') between the 

Tso-Zi-Iiug and the Pang-gok Tso. 

(6) Lhum-po to Lhasa via the eastern end of the Nam Tso, 

(7) Lhasa to Kii-ru-nam Dzong (28° 57' : 92° 55') via De-chen 

Dzong (29° 40' : 91° 26'), the Te-khar La (29° 32' : 91° 

58') and Rong Dzong (29° 14' : 92° 6' ). 

(8) Ku-ru-nam Dzong to De-chen Dzong lia Tse-thang (29° 16': 

91° 46'). 

Traverses Nos. 1 to 6 are to the north-west and north of Lhasa ; 
whilst Nos. 7 and 8 are to the east and south-east of Lhasa. 

I.— LHASA TO SHEN-TSA DZONG. 

Sir Henry mentions the occurrence of shales and rhyolitic rocks 
between Lhasa and Ma-ra (29° 60' : 90° 40') in the Talung valley, 
the lavas containing inclusions of shales. A specimen (32*366) 
collected by him is unfortunately missing from the collections ; 
it was not described by Mr. Barber. 

The rhyolitic rocks continue to within half a mile of Se-shing 
where there occurs a belt of folded calcareous rocks, one to one and 
a half miles wide, containing intrusive rocks. A specimen (32*367, 
22228) from half a mile south-east of Se-shing effervesces readily 
with cold dilute hydrochloric acid. It is a ferruginous oolitic lime- 
stone. 

Proceeding north-west to Hyang-pa-chen (which is the same 
or very near Zam-sar ; 30° 6' : 90° 33'), rhyolites soon cover a 

quartzite series which overlies the shales and limestones, and fill 
the whole valley to half way between De-chen and Hyang-pa-chen, 
where they are found in contact with granite. The granite continues 
to the latter place. ^ 

The track from Hyang-pa-chen to Pha-ngo-chi-li (30° 14' : 90° 
25'), about sixteen miles distance, passes for some way in a narrow 
valley in granite or gneissose granite. This rock continues from 
the latter place to Lug Lam (30° 14' : 90° 18')Jat the foot of the 
Qu-ring glacier, and all the surrounding peaks appear to be of this 
rock. Sir Henry observed no coarse rock or pegmatite, but noticed 
one pebble of * schorl-granite 

a? 
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Between Lug Lam and Tlio-gar-gyab-liing (30° 24' : 90° 4'), 

a distance of 20-22 miles, the rocks are granite till north of G La, 
where a band of slate, very much altered, is met. This is followed 
by more granite and then by quartzite, shale and a conglomerate 
with few pebbles. 

The track from here to Dong-ro-chang-ma, which is about four 
miles from Lho-lam (30° 30' : 89° 61') passes over pebbly grits 
and conglomerates that resemble no other Indian rocks that Sir 
Henry had met previously. The same rocks continue to Lho-lam.^ 
A specimen (32*368) collected by Sir Henry from Lho-lam, which 
unfortunately is missing, was described by him as a ‘ ?breccia in 
igneous series \ About half a mile west of Lho-lam, the pebbly 
grits, shales and sandstones form an anticline striking east to west 
along the valley. They are intruded by a dark basic rock which 
has baked the shales into hard slate. Sir Henry noted granite blocks 
but did not observe this rock in situ. The shales continue to Bog- 
kyang-nyin (30° 33' : 89° 42'). 

The specimens collected from Shota, ^ about ten miles north- 
west of Lho-lam have been registered by Sir Henry under two 
numbers. Those under the first (32*369, 22229) are best described 
as porphyrites or andesites but two are distinctly more basic than 
the other specimens, and consist mainly of phenocrysts of felspar 
and masses of epidote set in a fine-grained, dark, cryptocrystalline 
to glassy groundmass. The more acidic specimens (22249) contain 
abundant quartz phenocrysts and predominant orthoclase. The 
specimens registered under the other number (32*370, 22230) are 
likewise porphyrites of varying acidity. The thin section shows 
resorbed quartz in addition to abundant perthite, some orthoclase 
and plagiodase, and, also, calcite, abundant chloritic material, 
possibly as pseudormorphs after biotite, and magnetite. 

The same pebbly series apparently occurs in the 14 miles between 
Bog-kyang-nyin and Hle-ngombo (close to Genchung ; 30° 37' : 

89° 29') being chiefly red sandstones containing very small clay 
balls on certain bedding planes. The series appeared to Sir Henry 
to be a fresh-water one and curiously like the Upper Gondwanas, 
but he presumed it to be Lower Tertiary in age. The pebble beds 

1 Sir Henry oolleoted tJpper Carboniferoutf fossils from this looality. See F. H. C. 
Beedt cU., pp. 1, 8-4. 

* This is not the Sho-tra^sa-tsi mentioned on the next page. 
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and the usual apparently basic rocks are represented in all the 
debris on either side of the valley. 

The same pebbly series continues to Sho-tra-sa-tsi (30° 40' : 
89° 20'), red sandstones forming the hills along the northern side 
of the route, and for the eight miles from this place to I-ri (? Ta- 
me-sa-tsi ; 30° 43' : 89° 10') where it is replaced by igneous rocks. 
A specimen from here (32-371, 22231) is a banded rhyolite, con- 
taining occasional phenocrysts of quartz and also bands of very 
fine-grained mosaics of quartz. 

The route from I-ri to A-chen-tsongo (30° 49' : 88° 49') passes 
through sandstones and then a spotted volcanic rock, described by 
Sir Henry as an andesite, slaty rocks and flaggy sandstones. He 
considered them to belong to the same pebbly series. He noted a 
dark blue-grey limestone, with calcite streaks, to cover the hills 
far away to the north, and also to the south, appearing to overlie 
the pebbly series. 

Between A-chen-tsongo and Shen-tsa Dzong (30° 57' : 88° 38' )> 
on the southern side of the valley, there is a snowy massif composed 
apparently of sedimentary rocks. On the northern side are hills 
of dark grey limestone with many calcite veins and sections of 
gastropods.^ 

Sir Henry states that the rocks on the northern side of the valley 
near Shen-tsa Dzong are nearly all limestone much altered and 
full of calcite veins. Tliis is presumably the same Upper Carboni- 
ferous limestone referred to previously. The rocks on the southern 
side are mostly basic intrusives with some quartzite, slate and 
pebble beds. The sequence is evidently the pebble beds, sand- 
stones, etc., with much basic igneous material at their base, and 
then above this limestone, very thick, with some shaly beds inter- 
calated. It may be that Sir Henry’s view that the limestone runs 
up at least to the Triassic is correct. 

Two kinds of specimens have been registered by Sir Henry 
under the number 32-382 as being collected from two miles south 
of Shen-tsa Dzong. One type (22233) was described by Mr. Barber 
as being an amygdaloidal basalt, being a dark brown rock, fine- 
grained, with masses of amygdales of calcite. The slide shows 
abundant serpentine probably after olivine and augite, and, also, 

^ Stt F. R. C. Reed, op, ct<., p. 1, locality 2. Many Upper Carboniferous fossils were 
collected from the foot of the limestone ridge, five miles east of Shen-tsa Dzong. 
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occasionally in amygdales. A. few small crystals of augite remain. 
The second type (22232) is very much more acidic and is toscanitic 
in nature. 


IK— SHEN-TSA DZONG TO WOM-PO. 


The rooks between Shen-tsa Dzong and Nan-dzum (30° 67'* 
88° 23'), which is some 14 miles to the west, are chiefly lavas and 
ashes which are very similar in appearance to 
PanfafS»p*geiie8^^ Panjal trap series. The hills to the south 

must contain granite as Sir Henry found num- 
erous granite boulders in the valleys leading down to the Nakt- 
sang valley and the Kya-ring Tso. 

These volcanic rocks persist almost to Mi-bar (31° 4' : 87° 16')* 
Between Nan-dzum and the Pa-ro Tsangpo river (30° 66' : 88° 4'), 
sandstones occur hero and there in small quant- 
<o Qond- Between tlie river and Chii-tra-ri (30^ 

58' ; 87° 53'), near the latter place. Sir Henry 
noted slaty beds on the col, and lower down thin-bedded flaggy 
sandstones, not much altered and resembling the Hondwanas in 
appearance. Granite, quartzite and slate boulders were observed 
on the way to Gon-khyok (30° 55' : 87° 39'). 

At Nya-pa (31° 0' : 87° 27') are some Pleistocene lake deposits 
and in the hills to the north, beds of slate or 
Pleistocene lake thin-bedded sandstones dipping north-west and 
’ striking N. E.-S. W. 


Two specimens from Mi-bar are very interesting. The first 

(32*373, 22235) was described by Sir Henry as being from a small 

patch of ? Tertiary shales and indurated white 
Specimens from Ml-bar. i. i • i ^ n n . i r 

fire-clays m a bay m a small valley north of 

the Ma-khar Tso. It appears to be an indurated shale. The 

second (32*372, 22234) is a quartz-porphyry which, according to 

Sir Henry, intrudes or overlies thin flaggy red sandstones. Mr. 

Barber states that the slide shows numerous phenocrysts of quartz, 

many of which show corrosion, a few comparatively fresh crystals 

of both orthoclase and plagioclase, and small flakes of biotite in 

various stages of decomposition, together with chlorite, serpentine 

(probably after hornblende) and a matrix of alkali felspar with 

little mica. 
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With regard to the ? Tertiary shales, these beds contain near 
the top a band of carbonaceous shale that has locally been mistaken 
, for coal. A pit about 30 feet deep has leen 
rank prior to Sir Henry’, arrivnl* but the 
carbonaceous shale is only near the surface and the rock is the 
indurated white shale described previously. There is no sign of 
coal and tlie bods are almost horizontal, being but slightly disturbed. 

The rocks are mostly quartz-porphyries between Mi-bar and Ge- 
mar (31° 12' : 87° 12'). No rocks occur in situ between this 
latter place and Ngo-gen^ (31° 13' : 86° 51') 
acidlc^rocks*”^*^ between here and Chu-gyur (31° 15' ; 

86° 41'), igneous rocks predominate, Sir Henry 
noting blit one mall jiatcli of limestone and another of quartzite. 
He collected a specimen (32*374, 22236) of pitchstone from the 
hills four miles north-east of Chu-gyur. This has a slight tendency 
to perlitic structure, but not well developed. Another specimen 
(32- 374 A, 22250) is a largely altered porphyrite, bluish green celad- 
onitc and calcite being among the products of decomposition. 

The rocks on tlie first col. between Chu-gyur and Wom-po (37° 
24' : HO"" 33') are igneous. Limestone, however, occurs in patchi s 
in the hills to the north-west and also in the main valley below 
and on the way up to the second pass (Ne-thung La ; 31° 17' : 86° 
37'). The limestone contains Upper Carboniferous fossils.® Half- 
way between the two passes, there is a ridge of volcanic ash with a 
coarse boulder bed containing rounded blocks of the usual lime- 
stone ; the boulder bed is vertical. Three chips of the intrusive 
igneous rocks (32*375) collected by Sir Henry between La-u La 
(31° 15' : 86^ 39') and Ne-thung La, vary largely in grain. One 
(22237) is a rather acidic diorite of porphyritic texture; a second 
(22238) is a quartz-felspar-porphyry ; whilst the third (22239) is 
possibly a dacite. 

The second pass (Ne-thimg La) is all igneous, from about half 
way up, but the ridge to the north is limestone. This limestone 


Rocks similar to the 
Middle Haimantas. 


is again seen near the western foot of the pass 
and, also, about seven miles south-east of Wom- 
po (31° 24' : 86° 33'), where the path crosses 


^ 4th June, 1922. 

* Sir Henry ooUooted Hpooimona of Upper Carboniferous fossils from rocks not in 
aiU, 8et localities 4 and 0 in F. K. C. Reed, op. cit. 

* See F. R. 0. Reed, op. ciU, locality 5. 
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a ridge of tliifl rock and descends on to shale and quartzite. This 
is the beginning of a highly metamorphosed series which extends 
to Wom-po and is very similar to the Middle Haimantas. There 
are, however, occasional bands of highly altered calc-slate or calc- 
schist. Two miles from Wom-po, a bed, 20 to 30 feet thick, of 
white quartz crosses the hillside, dipping towards the lake. It 
contains no minerals. 

The lake (Tang Rao Tso) is surrounded by a wonderful series 
of 20 or more terraces, the highest being nearly 600 feet above the 
level at the time of Sir Henry’s visit. ^ They 
comparable with the Karewas. The old 
lake deposits often dip at 25° to 30° towards 

the lake. 

Sir Henry visited the supposed alluvial gold workings at Wom- 
po, which however, were not being worked,* 
at worker expected to arrive till 

late in June. 


HL-OE-MAR TO SHEN-TSA DZONQ VIA MA-QU^HUNQ. 

The route from Ge-mar (31° 12' : 87° 12') to Lang-chen-ge-guk 
(31° 13' : 87° 20') is over volcanic rocks, among which are agate 
fragments. Soon after leaving here, granite is found and then an 
igneous and sedimentary series, with isolated patches of limestone. 
Just before the descent into the valley of the Kya-ring Tso, near 
Ma-gu-chung (31° 19' : 87° 69'), the hills on the north and west 
contain a belt of limestone (presumably Upper Carboniferous) with 
the usual fossil corals. This is soon replaced by the igneous series 
(? the one similar to the Panjal trap series) which appears to underlie 
the limestone. A specimen (32-376, 22240) from here is of the 
nature of a felspar-porphyrite. Similar rocks form the hills along 
the southern side of the Kya-ring Tso. The hill in the middle of 
the plain and west of Di-na (31° 8' : 88° 10') has well-bedded rocks 
which Sir Henry considered to be apparently basaltic or other 
lavas. A specimen (32*377, 22241), however, collected from a hill 
north-east of Di-na between there and the lake is more acidic, being 
a trachyte to a trachy-andesite in nature. The rocks between 

> 8th June, 1922. 

* On the 9th June, 1922. See ako * Sport and Travel in the Highlands of Tibet 
p. 146. 
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Di-na and Shen-tsa Dzong are chiefly igneous with some slate and 
quartzite in the moraines. 

IV,— SHEN-TSA DZONQ TO KYA-TSOG. 

The northern shore of the Kya*ring Tso is formed of Upper 
Carboniferous limestone in continuation of the hills north of Shen- 
tsa Dzong. Just before Pe-chen (31° 8' : 88° 27'), a small prom- 
ontory runs out into the lake, being composed of quartzite, over- 
lain by slate or slaty shale. These are overlain by much altered 
limestone with many calcite veins. Sir Henry noted many bryozoa 
in blocks of limestone forming the fan at Pe-chen.^ The same 
features occur past A-rock (31° 15' ; 88° 15') and Chu-sum-di 

(31° 24' : 88° 1'), limestones overlying quartzites and shales. At 

the latter place, there is an anticline running along the lake about 
one mile inland. Sir Henry considered the lake (Kya-ring Tso) 
possibly to be along the line of a fault and mentions that breccias 
are very common along its edge. 

Limestone forms most of tlie route from Chu-sum-di to Kya-tsog 
(31° 31' : 87° 49'). A small ridge between the limestone masses 

at Kya-tsong, consists of beds of clay sandstones and nodular 
limestone, the latter being full of oysters, and forams.^ Many 

septarian nodules occur in the lower part of the series. Occasional 
small patches of worthless lignite were seen. Strike faulting is 

conspicuous here. 

Sir Henry mentions that serpentine is intrusive in the bed under 
the shale and sandstone series.® 


V.— SHEN-TSA DZONG TO LHUM-PO. 

Between Shen-tsa Dzong and Nunjutala, a distance of some 
eight miles, limestone overlies slate and quartzite. At Yun-druk 
(31° 15' : 88° 43'), there is a good section of a buff sandstone similar 
to Gondwana rocks in appearance, capped by a pebbly grit and 
overlain by limestone.^ Limestone continues most of the way 
to Lug-thang (31° 22' : 88° 51') and from there to Se-jong (31° 28^ ; 

^ 8e€ locality 8, F. B. C. Reed, op. cit. 

* See G. do P. Cotter, op. cit., for the of the Orbitolina. 

* Sir Henry marched back to Shen-tsa i>zong on the eastern side of the hill Te-nak 
(19,420 feet) via Kam-sang La (31° 27' : 87° 57'), arriving there on the 25th June, 1922. 

* See locality 9, F. R. 0. Re^, op. cit. 
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89° O') where, however, granite occurs. This is probably the 
locality Se-tsok, described as being some 20 miles south of the 
Tso-Zi-ling,^ from where Sir Henry collected a specimen of adamell- 
ite (32'378, 22242). This is described by Mr. Barber as a coarsely 
crystalline rook containing abundant quartz, orthoclase (both fresh 
and altered), a little microcline, and plagioclase (fresh, some with 
zoning and some sauss-uritised). There is also biotite, a little 
hornblende, some chlorite and a little magnetite. 

The adamellite continues between Se-jong and De-to (31° 34' : 
89° 7') till the plain of the Tso-Zi-ling, when limestone crops out, 
and then adamellite once more. At the latter place, there is a 
great ridge of red quartzite which runs E.-AV. to the limestone 
hills. This is probably the sandstone below the Upper Carbon- 
iferous limestone. 

The route from De-to to Tong-chu (31° 50' : 89° 20') runs across 
a huge plain with innumerable old lake beaches. At Tong-chu, 
a valley about 20 feet deep cuts through the 
beaches aTlong-chu^*^^ Pleistocene lake deposits which can be seen 
to be clays and sandy clays or argillaceous 
sandstones, horizontal at the camp, but elsewhere with a marked 
dip. 

In the sandy beds are small patches of lignitic material, the 
thickest of which is only about three-quarters of an inch and only 
a few inches long. It is a supposed coalfield, 
but it is quite valueless. 

From Tong-chu, Sir Henry marched to A-bi-tang-kha (31° 58' : 
89° 34') eastwards across the great plain south of the Tsa-khye 
Tsaugpo river and north of the Pang-gok Tso, 
which lake is covered with salt.^ The country 
through which he passed is a mass of old lake basins, then mostly 
dry, but containing a small quantity of highly saline water. Springs 
of fresh water were seen on the shores. There are hills of limes 
sto 4 e (? Upper Carboniferous) east of the Pang-gok Tso. 

At Lhum-po or Limbu (32° 6' : 89° 41') the farthest north of 
Sir Henry’s traverses, there is a small ridge about 2,888 feet high 


Lignite at Tong-chu. 


Sait. 


1 ‘ Sport and Travel in Tibet x>. 104. 

^ in ‘ Sport and Travel in Tibet Sir Henry montioiis (p. 107) tliat ‘ Pan^-gok is a 
bjrax lake, and a. sin ill mdiutry is earried on tiioro during the sufumer. The borax 
U found as an offl)rosuonco on the soil at the Bhoroi of the lake ; it is sorapod up and 
boiled in oauldrooa, the impurities are aspirated and the borax is orystallised out by 
evaporation. is a tedious proos 2 ? in a country in whioh the only fnel is yak- 

dong.* 
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and four or five miles long in the middle of a great plain. The 
hill consists of a series of paper shales and calcareous shales and 
clayey beds, dipping in all directions and foiming a very fine dome. 
A vein of asphalt (L 896), about eight inches thick, is exposed in the 
lowest beds of the dome.^ The beds are horizontal in the 
centre for perhaps half a mile each way and then the dip in- 
creases gradually to 30^^ or so. There is no trace of fossils and 
Sir Henry could only guess the age of the rocks as Tertiary. 


VI.— LHUM-PO TO LHASA. 


Between Lhum-po and Trak-chu (31° 51' : 90° 2'), wliioh lies 
to the south-east, there are hillocks to the north-east and north 

Tertiarles which are also possibly Tertiary in age, but 

there are no rock exposures. 


On the eastern side of the plain, the hills contain beds of red 
sandstone and pebble beds which are probably the same as those 
noted not far from Shen-tsa Dzong. The strike is approximately 
south-west to north-east (nearly \\\-E. at Trak-chu). Below these 
are beds of lava with interbedded red sandstone. The volcanic 
series appears to underlie and to be interbedded with sandstones 
and conglomerates, but this is not certain. A specimen of the 
igneous rocks, collected by Sir Henry is (32‘379, 22243) described 
by Mr. Barb(‘r as a })orphyry, containing phenocrysts of red and 
white felspars in a reddish brow n matrix ; orthoclase predominates 
over plagioclase. The matrix consists of dispersed felspar, some 
mica, a few small iron-stained areas and many small crystals of 
felspar. 


The route followed by Sir Henry between Trak-chu and Zi- 
ri-mar (31° 45': 90" 11') passes over sandstones and conglomerates 
and the acidic igneous series, except lor one mile in the middle 
where quartzite occurs. Soft clays in the hillside at Zi-ri-mar 
dip at about 70°-80° into the hill and contain thin carbonaceous 
beds one to four inches thick. Some of these pass into lignite 
but the bands are not continuous and thin out to mere streaks. 


Across the plain to Ziri Gompa (31° 46' : 90° 17') where Sir 
Henry met the first house since leaving Se-jong (31° 28' ; 89° O'), 


^ i?ec. (Jeol. Surv, Ind,, LIX, p. 19, (1927). 
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Granite ^ ^ granite ridge striking N. W.-S. B. 

^ * The granite is probably intrusive into the 

sandstone and conglomerate series. 

Between Ziri Gompa and Nag-rab-chu-kang (31° 43' : 90° 23'), 
there is first granite and then limestone and slates, quartzites, etc., 
with no signs of fossils. From there to Be-Ia-chen (31° 31' : 90° 38'), 
which is different from the Lachon (31° 40' : 90° 35') which is to 
the west of the Da-rum Tso, the limestones and grits are intruded 
by granite, diabase and serpentine, which have metamorphosed 
them. Slate occurs at Be-la-cheii. 

The igneous and sedimentary rocks continue to Me-za-gyab-lung 
(31° 20' : 90° 43'), which is to the east of the small lake Pam Tso. 

Specimens (32*380, 22244) from here vary in 
texture from a porphyrite almost to a grano- 
diorite. Plagioclase is dominant over orthoclase and the rock also 
shows quartz, biotite, chlorite, magnetite and a little hornblende. 
This rock continues about Khung-ma (31° 4' : 90° 57') and on to 
Thak (30° 64' : 91° 7'), with some metamorphosed sedimentary 

inliers. No rocks occur in situ along the plain east of the Nam 
Tso lake, except for a small ridge which runs down evenly to the 
lake from the east, which is composed of hard whitish quartzite. 

Sir Henry’s route continued by the Lar-gen La (SO"" 39' : 91° 6') 
to the Dam Chu river (30° 33 : 91° 13'). The rocks are limestones 
and grits of the northern side of the pass. 

limestone and 

slates which pass into phyllites with staurolite- 
and chiastolite-schists. Similar rocks continue down to the valley 
of the Dam Chu. 

From the Dam Chu, Sir Henry passed first over a plain and then 
up a long valley to the La-nye La (30° 28' : 91° 17'). The rocks 

Sandstone ‘ d ke ’ quartzite and slate, but about 

three-quarters up the valley, the boulders are 
pebbly grits and sandstones. About the same place, great masses 
of a red conglomerate, perhaps 1,000 feet or more thick, are dipping 
at about 30° to the south. In these, a wonderful ‘ dyke ’ of sand- 
stone, perhaps ten feet thick, runs across the bedding through a 
vertical height of 400 to 600 feet. Sir Henry wondered if the ‘ dyke ’ 
were the toe of a spur against which the conglomerates were deposited. 
He thought that the conglomerates, which contain pebbles of quartz- 
ite and grey limestone with many calcite veins, are Tertiary in age. 


Sandstone * dyke *. 
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The La-nye La itself is over conglomerate beds dipping at a gentle 
angle to the south or south-west, and later becoming horizontal. 
At his La-nye camp (? Dong-chung), the dip is steep. 

Sir Henry marched to Phong-do Dzong (30° 15' : 9r 22'), 
noting that limestone extends south-east along the hills above the 
small pass below La-nye. It is full of c^rinoids 
Iln^estonc and brachiopods^ and was thought by him to 

be similar to the limestone at Nakt-sang. Con- 
glomerate overlies it. 

The limestone is replaced further down the valley by slates and 
quartzites, pebbly quartzites, and limestone of the ‘ grit and sand- 
stone ’ series, which are intruded by porph}T'ie8. 

Of the four specimens of igneous rocks (32*381, 381A, 381B, 
and 381C ; 22245-22248) collected by Sir Henry between Phong- 

do Dzong and Ta-lung Grompa (30° 11' : 91° 15'), two are porphy- 
ries and two trachy-andesites. The first two contain phenocrysts 
of quartz, plagioclase, orthoclase and biotite, with a little chlorite, 
magnetite and pale green augite in a microcrystalline mass of felspar, 
little mica and quartz. The third is a fine-grained rock with a 
tendency to conchoidal fracture ; it contains plagioclase, orthoclase, 
a few pseudomorplis of chlorite after biotite, and magnetite. The 
last shows a trachytic structure and the phynocrysts are W(dl- 
orientated in a definite direction. 

The prevalence of granite boulders in the river here at Phong-do 
Dzong indicates that this rock is not far distant. 

The acidic igneous series continue up the route to the Chak La, 
but Sir Henry noted granite one mile below the pass on the Ta- 
lung side. On the descent on the northern side of the Chak La, 
dark grey limestone, dipping north, is underlain by a folded group 
of red shaly sandstone and thin limestone bands. The folding is 
well seen at Lhun-dub Dzong (29° 57' : 91° 17'). The limestone 
here contains Orbitolina.^ 

The rocks on either side of the valley along the route to Lang- 
dong Dzong (29° 53' : 91° 12') are red shales and sandstones, the 
latter being in beds five to 30 feet thick and 
rwemMIng separated by thin shales. The sandstone is 
covered with grey lichen and was mistaken at 
first for limestone, which it resembles in a most remarkable manner 

1 8t6 looalily 10, F. R. C. Reed, op. cit. 

* 8ee Cotter, op. cit., for the age of the foaails. 
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This red series occurs below the Lhuii-dub Dzong limestones. It 
is much folded but must be not less than 1,000 feet thick. 

No notes are available of Sir Henry’s journey for the short 
distance between Lang-dong Dzong and Lhasa (29° 39' ; 91° 8'). 

Reference may be made, however, to his map 
forming Plate 15 of Memoirs of the Geological 
Svrvey of India, Volume XXXVI, Part 2. 


Return to LhaM. 


Granite. 


VII.— LHASA TO KU-RU-NAM DZONG VIA DE-CHEN DZONG, 
THE TE-KHAR LA AND RONG DZONG. 

Granite occurs between Lhasa and Dechen Dzong (29° 40' ; 
91° 25') and has been mapped as Crystallines on Sir Henry’s geol- 
logical map of the Province of Tsang and 
tj.^ Between De-chen Dzong and Ti-khang 
(29° 46': 91° 39') granite is found first and then metamorphic and 
acid igneous rocks, with limestone for some distance in the middle. 

From Ti-khang, Sir Henry marched up the valley to the south- 
east, noticing limestone and a somewhat fine-grained quartzite for 
most of the way, and then slate and acid igneous rocks. Acid igneous 
rocks jimction with the base of masses of grey limestone about IJ 
miles from the head of the valley (about eight miles from 
Ti-khang). 

Slate, limestone and quartzite, with the last 
Predominance of abundant, occur between Ti-khang and 

^ Metu Kongkar (29° 51' : 91° 46'). 

These same rocks occur in the main valley to Ka-kya Gompa 
La (29° 43' : 91° 56'), but in the side valley, they are replaced by 
acid igneous rocks, mostly granitic. Between here and Ding-na 
(29° 32' : 91° 66'), metamorphics and granite occur. Granite 
forms the pass and, on the southern side, slate, limestone and 
quartzite occur for some miles, and then more granite and meta- 
morphio rocks. Limestone crops out at Ding-na. 

After leaving Ding-na, Sir Henry marched to two miles below 
Won Dzong, passing over granite and crystallines. This Won 
Dzong is not shown on the map accompanying Sir Henry’s and 
CoSBOn’s book, but it cannot be far from Sim-khar-shi (29° 22' ; 
91° 61'). 

1 Mem. Otoh Surv. Ind., XXXVI, Pt. 2, Pi. 16. Jle-chen Dzong in th^ mobt efsterlj' 
•pot tliovii oolouiod on that map. 
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Sir Henry tl on travelled to Chos-to (not shown on the map) 
through the valley of the Tsangpo river, noting igneous rochs and 
then slates with quartz veins, and quartzites. From there to 
Lhagyiri Dzong (29° 3' : 92° 16'), and to Lhap-so Dzong (29° 
4' : 92° 34'), over the Pho-trang La, the same slates with quartz 
veins continue, with some limestone in the slate. 

Sir Henry mentions old workings for gold in his book, noting 
that he visited Lhap-so ‘ to spend a few days here to investigate 
some old workings for gold high up on tlie 
ridge above us to the south 

He then proceeded to the river above Shi-gong, which is not shown 
on his map but which is probably not far Khya-tsa Dzong (29° 0' : 
92° 35'). 

Sir Henry then followed the route shown in Fig. 1, proceeding 
along the valley of the Tsanepo river to near Hu-li (29° 1' : 92° 64'), 
there being slate, shale, and occasional sand- 
river*^*^^ Tsangpo quartzites on the southern side, but 

granite on the northern side near Drum-pa 

(29° G' : 92° 37'). 


Alluvial gold workings. 


VIIL— KU-RU-NAM DZONG TO DE-CHEN DZONG VIA TSE-THANG. 

Sir Henry marched over the Kam-pa La to Chum-do Khyang 
(92° 2' : 28° 62') noting a deserted place which is probably the 

‘ Lhagong * which he mentions in his book 
garnefs*”^”** having once been a prosperous 

gold-mining centre. He followed the route 
over the Ya-to-tra La to Ra-mo-nang over granite which forms the 
ranges west of the Chum-do plain. The soil is full of glittering 
fragments of mica, which may have given rise to the idea that there 
are diamonds in quantity on the Ya-to-tra La. The central part of 
the range, over the pass, is composed of garnetiferous micaceous 
gneiss, and then, proceeding west, of granite again. Lower down, 
the rooks on either side of the valley are garnetiferous schists. 
They are full of lenticles and small gash veins of quartz. 

Below the peak Ya-la Shem-bu, granite and acidic rocks (?hyp- 
abyssal), considered by Henry to be the equivalents of those he 
met in the valley of the Kyi Chu river were 
met. These acidic rooks continue between the 
Tsangpo and Kyi Chu rivers to Lhasa, with some limestone and 
slate near De-chen Dzong. 

Sport and Travel in Tibet p. 211. 


Return to Lhasa. 



S44 


Rdoords of the Oeologioal Survey of India, [VoL. LXVIL 


The Origin of the Streaky Gneisses of the Nagpur Dis- 
trict. By W. D. West, Mj\. (Cantab.), Assistant 
Superintendent, Geological Survey of India. (With Plates 
12 - 16 .) 


THE PROBLEM. 

The metamorphosed sedimentary rocks which are prominently 
developed in the Nagpur and Chhindwara districts of the Central 
Provinces have been named by Dr. L. L. Fermor the Sausar series.^ 
Associated with these rocks there is always a large development of 
rather coarse-grained biotite-gneisses which, from their general appear- 
ance, have been termed ‘ streaky gneisses ’ by Dr. Fermor. These 
rocks often occupy as large an area as the Sausar series itself ; but 
they are to be distinguished from those schists and gneisses of 
sedimentary origin which form part of tlie Sausar series by the 
fact that, unlike the latter, they are not confined to any particular 
horizon, but may occur adjacent to any stage of the Sausar series. 

A marked feature of these rocks is that they are always full 
of intrusions of coarse pegmatite, which must sometimes make up 
as much as half of the whole outcrop of gneiss. These pegmatites 
occur also in the Sausar series, but on nothing like the same scale. 

The question of the origin of these streaky gneisses has never 
been discussed ; but the tacit assumption seems to have been made 
that they are igneous in origin, without considering the matter 
further. Certainly the general effect of abundant pegmatites asso- 
ciated with coarsely banded acid gneisses is suggestive of the whole 
being of igneous origin. 

For a number pf years now the writer has been making a detailed 
geological survey of the one-inch sheet 55 0/6, which is situated on 
the borders of the Nagpur and Seoni districts, some fifteen miles 
north of Ramtek. The main road from Nagpur to Seoni, the 
‘ Great North Road *, crosses this sheet from south to north. In 
the centre of the sheet is the village of Deolapar, where there is a 
good Dak bungalow, at 40 miles from Nagpur and 38 miles from 
Seoni. The area is thus easily accessible. 


» Bee, Gtol, 8ur, lr%d„ LIX, pp. 77-79, 
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During the course of this work several exposures have been 
encountered which have thrown light on the origin of these streaky 
gneisses, and have in fact suggested that they are composite gneisses, 
formed by the intimate penetration of one rock by another. And 
though it is not claimed that all those rocks which have been grouped 
together under the general term of streaky gneiss have been formed 
in the same way, yet the detailed study of the rocks in one place, 
where the process of formation is clearly seen, may throw light 
on the origin of similar rocks elsewhere where the earlier stages of 
formation are not so well displayed. 

The typical streaky gneisses which are the subject of this paper 
are coarse-grained musco^dte-biotite gneisses, with the muscovite 
much less abundant than the biotite, and frequently quite absent. 
They are always well banded, in a streaky way, the bands being 
of two kinds. The finer and darker are a medium-grained biotite- 
granulite, while the coarser and lighter are an acid, aplite-like rock 
free from biotite, and consisting almost entirely of quartz and 
felspar. These aplite bands may constitute considerably more than 
half the rock, or they may be very scarce, there being every gradation 
in between. Sometimes the banding is fairly regular ; at other 
times there may be rapid variation from place to place in the pro- 
portions of the different bands. But nearly always there is a 
well-marked parallelism, which gives the rook a typical gneissose 
appearance. 

On the one-inch sheet 65 0/6 the streaky gneisses are well displayed 
in the Telia noXa^ the stream which forms the boundary between 
the Seoni and Nagpur districts, and especially in that part of it 
west of the main road. They are again well developed in the belt 
of gneisses which extends right across the map, crossing the main 
road between milestones 42 and 46. They are absent, however, 
from the belt of sediments which crosses the main road between 
miles 37 and 41|^ ; but they come on again south of this belt to form 
the southern half of the sheet. 

POSSIBLE MODES OF ORIGIN. 

Such banded gneisses as wo are dealing with here might have 
originated in several ways : — (1) The banding may have been due 
to some special mode of crystallisation of an originaUy homogeneous 
magma, (2) The bands might have been formed by the movement 
of a mixed liquid or semi-liquid rock under pressure, whereby the 

H 



346 


Records of the Oeologioal Survey of India. [Vol. LXVII. 


mixture became drawn out into bands of variable composition. 
(3) The rock may be composite in origin, formed of a mixture of 
igneous and sedimentary material, or of two varieties of igneous 
materiah 

The first explanation has frequently been put forward to account 
for the formation of banded gneisses, but no adequate explanation 
has ever been given of the mode of crystallisation by which such 
banding could have been produced. Vague reference is made to 
‘ rhythmical precipitation or to ‘ segregation ’ ; but until it has 
been shown exactly how melanocratic and leucocratic bands, or 
biotite-rich and biotite-free bands, came to be precipitat/ed altern- 
ately, the suggestion need not be considered seriously. 

In this area there is no doubt that many of the streaky gneisses 
have a composite nature, as referred to under (3) above. Whether 
they have also been formed in the manner described under (2) is 
more open to doubt, though it is possible that some of the intrusion 
of the aplite took place prior to or at the time of the intrusion of 
the rest of the rock, assuming in this case the rest to be igneous. 
An example of this nature will be given below in section 8. 


THE STREAKY GNEISSES IN THE DHORIA NALA, 

It has already been stated that the proportions of the different 
bands in these streaky gneisses varies greatly from place to place. 
It is only rarely, however, that the white aplite bands form much 
less than 50 per cent, of the whole rock. These, however, are 
just the very ones which provide evidence of the origin of the rocks, 
and it is to a consideration of them that we may now turn. 

An excellent exposure of these streaky gneisses in the less ad- 
vanced stages of formation is provided by the Dhoria nala, less 
than half a mile south of Nawegaon (21® 36' : 79® 26' 30'"). Exam- 
ination of those rocks in which the aplite bands are rather scarce 
shows at once that these bands are intrusive with respect to the 
rest of the rock. Occasionally they cut right across the foliation 
of the rock, while sometimes they can be seen to bifurcate and 
give off side branches which run along the foliation, Where these 
acid bands become more abundant they tend also to become thinner, 
and discordant relations are less commonly observed. In the 
extreme stc^e the aplite bands are so abundant that the rock as a 
whole appears homogeneous ; and w^e it not for the fact that the 
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earlier stages can be seen close by, there would be no reason to 
suppose the rock to be composite in origin A set of three photo* 
graphs has been taken of the rocks in this exposure, and they illus- 
trate well the case in which the intrusive nature of the acid bands 
is fairly clear, with permeation less advanced in Plate 12, fig. 1, 
and more complete in Plate 13, fig. 2. The rock which forms the 
darker lenticles in these photographs is one of those rocks which 
are difficult to name. There is not sufficient mica to give the rock 
a pronounced schistosity, nor is there any well-marked banding 
to justify the term gneiss. On the other hand there is rather more 
biotite than one expects to find in a typical granulite. Never- 
theless the latter term is the one which I have found it most con- 
venient to use. The light acid bands need no description. They 
are composed of quartz and felspar, with or without a little musco- 
vite. 

The importance of this exposure lies in the fact that the greater 
part of the rock seen is not the type reproduced in these photo- 
graphs, but the more common streaky gneisses in which the acid 
bands are very abundant and the banding as a whole less clearly 
defined. Outcrops of these rocks are difficult to photograph satis- 
factorily so as to bring out the banding, and therefore a photograph 
of the hand-specimen is reproduced on Plate 13, fig. ], The intru- 
sive nature of the acid bands shown in the other photographs is 
clear and needs no argument. And it is, therefore, very probable 
that the more homogeneous streaky gneisses near by, differing only 
in having a larger proportion of acid material and in showing no 
discordances between one band and another, liavc had a sixoilar 
origin. But before giving the complete argument tor these conclu- 
sions, a few other exposures will be described. 


STREAKY GNEISSES IN THE TUNDIA NALA. 

A good exposure of these gneisses is seen in the Tundia nala^ 
rather more than a mile E. N. E. of Belda (21'^ 35' : 79° 22'). South* 
east of where the Belda-Pindkapar road crosses the river there occur 
several small islands, which are shown on the one-inch map. These 
are fmmed of the gneisses in qu^tion, and the outcrops extend 
for about half a mile upstream above the road crossing. Two 
varieties of streaky gneiss are found here, and those that make 
up the eastern half of the outcrop are very similar to the ones just 

u2 



348 


Records of the Geological Survey of India. [Vol. LXVII. 


described near Nawegaon. An excellent example of the type of rock 
prevailing here is shown in Plate 14, figs. 1 and 2. The former 
is a general view of the rock, while the latter is taken much nearer 
with a specially adapted camera pointing vertically downwards. 
In this type of rock the intrusive character of the acid bands with 
reference to the rest of the rock is not so obvious as in the rocks 
described near Nawegaon. Nevertheless the bands in this exposure 
are more distinct and separate than they are in the common type 
of streaky gneiss, and this t}rpe of rock occupies an intermediate 
position between the rocks described at Nawegaon, in which the 
intrusive nature of the acid bands is clear, and the common type 
of streaky gneiss in which all evidence of origin has become lost. 

Although the rock described above may not in itself provide 
evidence as to its origin, examination of other outcrops further 
down-stream shows that not only are the fairly thick and well 
separated bands intrusive into and distinct from the rest of the rock, 
but many of the finer bands as well. Some of these latter can be 
seen thickening laterally and broadening out into one of the more 
obvious intrusive bands. 

At other places in this same outcroj) the rocks have a compara- 
tively small number of acid bands, resembling some of the rocks 
in the exposure near Nawegaon, of which photographs have been 
given. Here also it is possible to see the original rock into which 
the acid magma was intruded. It is a medium-grained biotite- 
granulite, exactly like the rock at Nawegaon. 

At the western end of this outcrop a different type of streaky 
gneiss is found, differing from those already described in containmg 
abundant phenocrysts. Plate 15, fig. 1, shows this type of rock. 
At first it was thought that the phenocrysts were really ai(gcn of 
the acid bands, produced by some kind of rolling-out process. 
Closer examination, however, showed that they were all pheno- 
crysts, each being a solid crystal of orthoclase, frequently twinned 
on the Carlsbad law. Although the evidence just here is perhaps 
not very clear, as can be seen from the photograph, examination 
of the whole outcrop left no doubt that the phenocrysts belong to 
the acid bands and not to the rock as a whole. Frequently the 
acid bands which contain them have become so thinned out in 
between the phenocrysts that the latter look almost as though they 
were part of a homogeneous rock. But intermediate stages can 
be seen which show that this is not so. 
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PERMEATION OF METAMORPHOSED SEDIMENTS- 

Still confining our attention to those rocks in which the intrusive 
nature of the aplite bands is clear, the question still remains as to 
the nature of the rock into which they were intruded. Was it an 
igneous rock, or was it a sediment Before discussing this question 
in detail, reference must be made to two localities which throw 
some light on the problem. 

In the Dhoria ndlaj due north of Bandara (21° 38' : 79° 28'), 
the Mansar stage of the Sausar series is well and typically developed. 
This stage consists of muscovite-biotite-sillimanite-schists, with or 
without garnet. Its field relations and its analysis show it to be a 
metamorphosed sediment,^ and it is in fact the country rock in which 
the manganese ore is found in this area. Further up the Dhoria 
nalQj west of where the Bandara-Kursipar road crosses, the Mansar 
stage is seen to become penetrated by thin veins of aplite, until 
it is scarcely possible to recognise any resemblance to this stage. 
Seen alone, away from the unaltered stage, it would not be recog- 
nised as belonging to that stage. But the gradual change which 
takes place in its ai^pearance as the thin aj)lite bands become abund- 
ant is clearly seen in this exposnie. 

Another instructive case is seen about a mile W. N. W. of Pind- 
kapar. In the Kharkharia nala (21° 30' : 79° 28' 30"), on the 

north-west side of the outcrop of the Bichua stage, that variety 
of muscovite-biotite-schist witli coarse muscovite which is a part 
of the Mansar stage, is seen both in the main nala and also in the 
small tributary from the W. S. W. Up tliis tributary the same 
rock becomes intimately penetrated with fine aplite veins. These 
veins contain a pink felspar and are thus easy to distinguish from 
the schists in which they occur. Moreover, here and there in the 
nala course pegmatites are seen containing the same pink felspar, 
and clearly derived from the same source as the thin aplite bands 
in the Mansar stage. Were it not for the pink felspar betraying 
the foreign origin of the aplite in which it occurs, the composite 
nature of the rock as a whole would not have been suspected. 

From the descriptions wliich have been given above of the 
streaky gneisses seen in various outcrops, where their origin is most 
clearly revealed, three main conclusions emerge. Orie, that much 
of the acid banding in the streaky gneisses is of intrusive origin. 


1 Btc. Qeol Surv. Ind., LXV, p. 101, (1931). 
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and Las no immediate connection with the rock in which it occurs. 
Iwoy that many of the apparently homogeneous streaky gneisses 
are probably composite. ThreCy that in some cases at any rate 
the rock which was penetrated was a sediment, and therefore it 
may have been a sediment also in other cases in which the origin 
is not so clear. 


THE QRANULITE HOST. 

It remains to consider the origin of the original biotite-granulite, 
seen unpenetrated both near Nawegaon and in the Tundia nala. 

Under the microscope the rock is seen to be composed of quartz, 
plagioclase felspar and biotite, with a very little muscovite. There 
is no potash felspar. Determination of the plagioclase on the 
Fedorov universal stage shows it to be of the composition 28-30 
per cent, anorthite, which is a basic oligoclase. Exact deter- 
mination was not easy, the felspars being somewhat zoned. Thus 
one felspar gave 32 per cent, anorthite for the main portion of the 
crystal, but had an outer zone of composition only 23 per cent, 
anorthite. Another crystal, almost free from zoning, had a com- 
position of 29 per cent, anorthite for its main portion. 

The corresponding unpenetrated rock in the Tundia nala is 
very similar, but has no muscovite. In this rock the felspars are 
unzoned and have a composition of 32 per cent, anorthite. 

In order to obtain further light on the origin of this rock, it was 
decided to have a partial analysis made. It is not proposed here 
to go into the question of the value of chemical criteria in deter- 
mining the origin of metamorphic rocks, since the main arguments 
are well known. Two large lumps were collected for analysis 
from the Tundia nala and from the Dhoria ruila ; but as they are so 
alike only one has been analysed. The following result was obtained 
by Herdsman : — 


SiO, 

AbO, 

MgO 

OaO 

Na,0 

KO 


Per cent. 

64-25 

1616 

2-48 

3*30 

3*40 

2-71 


Partial a^ialym of 42'V5i. 
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It will be seen that we have here an analysis which could easily 
bo that of an igneous rock such as a granodiorite. And though 
there is no reason why it should not be the analysis of a sediment, 
there is considerable evidence of a different kind against such a 
view. It will be shown later that, treated as a whole, these 
streaky gneisses bear a discordant relation towards the rest of the 
Sausar series. Now it is unlikely that such a feature would be 
observed as a result of the intrusion of the aplite band alone. 

It is much more likely that the aplite bands and the biotite-granulite, 
which together take the place of the sedimentary succession, are 
botli igneous rocks and together responsible for this observed rela- 
tionship towards the Sausar series. And so when, in addition, wc 
find the granulite to have a composition which brings it within 
the range of composition of igneous rocks, we are probably safe in 
assuming it to have been an intrusive igneous rock. 

MICROSCOPIC EVIDENCE. 

The field relations and the chemical analysis have been shown 
to provide clear evidence as to the origin of these rocks. The 
microscopic evidence is equally definite. 

Microscopic examination of the unpenetrated granulite in the 
tvo outcrops near Nawegaon and in the Tundia nala shows them 
both to be free of potash felspar, neither orthoclase nor microcline 
being seen. But when we come to examine the coarse aplite bands 
in rocks such as are showm in figs. 1 and 2 of Plate 12, and similar 
acid veins the intrusive nature of which cannot be doubted, we 
find them all to be rich in potash felspar. Thus an aplite vein 
from the Nawegaon exposure is composed of quartz, oligoclase, 
microcline and orthoclase. A similar vein from the Tundia nala 
is composed of quartz, oligoclase and microcline. Neither biotite 
oj* muscovite are seen in either of those veins. The presence or 
absence of potash felspar then is, in these two exposures, a means 
of distinction between the older granulite and the later acid intru- 
sive veins. When now we come to examine the streaky gneisses 
in the same localities, the origin of which is not clear, we find that 
the biotite-rich bands are free from microcline, while the intervening 
leucocratic bands are full of microcline. This is well shown in 
the slide of the rook shown in Plate 15, fig. 2. Naturally there 
is no sharp junction between the component parts ; but the dis- 
tinction is quite clear. Other streaky gneisses, which are less 
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clearly banded than this one, show a similar distinction in their 
component bands as regards the distribution of potash felspar, 
only it is less well defined. 

In short, we have two sets of rocks : (1) unhanded biotite-gran- 

ulites, and (2) aplites, which can be distinguished by their felspar 
contents. And then (3) certain other rocks, which in the field 
seem to be a mixture of these two, are found under the microscope 
to partake of the characters of both these rocks, as determined 
by the nature of the felspars. When, further, it is stated that the 
isolated aplite veins of group (2) are clearly intrusive rocks, having 
no immediate connection with the rocks in which they occur, then 
it is a strong presumption that the similar aplitic part of the streaky 
gneisses is also of intrusive origin. Thus both the field evidence 
and the microscopic evidence are strongly in favour of the stre/iky 
gneisses which occur in these two localities being composite rods, 
formed by the intimate penetratioji of the granulite by the aplite. 


MODE OF INTRUSION OF THE STREAKY GNEISSES. 

Tn considering the way in which the streaky gneisses were 
intruded into their present position, it is necessary to refer to some 
of the exposures in the Telia nala, where it forms the boundary 
between the Nagpur and Seoni districts, west of the main road. 

Near where the road running east from Arjuni (21° 41' : 79° 
23' 30") crosses the Telia rwila streaky biotite-gneisses are seen 
which occasionally contain garnets. The white streaks are coarser 
and more acid than the rest of the rock, but in most of the exposures 
they look to be just part of a homogeneous rock. Nevertheless it 
is difllcult to resist the conclusion that there is any essential difference 
between these thin sheets and the thicker and obviously intrusive 
aplite sheets which are seen here and there. Here again every 
gradation can be seen from a rock with only a few such sheets, and 
those frequently oblique to the foliation, to a rock which seems 
to be composed almost entirely of these sheets. Such a rock is 
nearly white in colour. Further down the naU the streaks contain 
phenocrysts of orthoclase, and these are so abundant that the rocks 
look spotted from a distance. 

But in addition to this type of rock, which can be matched 
elsewhere, an imusual phenomenon is exhibited in an outcrop close 
to where the Bhatti nala comes in from the W. N. W. Here, on 



Pabt 3.] 


West : Origin of the Streaky Gneisses. 


353 


the south side of the river, the acid sheets seem to meet one another 
as though patches of the rock were discordant to one another. 
Fig. 2 of Plate 16 shows a part of this outcrop, and was taken with 
the vertical camera which has already been referred to. A sketch 
is given here to show exactly what is meant. 



It is difficult to know how to interpret such a structure. If 
one assumes that both parts of the rock are igneous, then the aplite 
sheets may have been intruded into the other part while it was 
still plastic, and perhaps still undergoing movement, the whole 
rock being rather mixed up and drawn out. In fact, we seem to 
have here a case in which the aplite bands were intruded prior to 
the intrusion of the granulite, a possibility which was suggested 
on page 346. Some sucli explanation seems the only possible one, 
though further examination of tliis and similar structures may 
throw light on the problem and provide some different solution. 


RELATION OF THE STREAKY GNEISSES TO THE SAUSAR 

SERIES. 

Finally, we may consider briefly the distribution of these com- 
posite gneisses, and their relation to the Sausar series. 

Owing to the abundance of the alluvium, which conceals so 
much of the softer rocks, it is not easy to see from the geological 
map the structure and relations of the rocks, without a knowledge 
of the ground. For this reason a simplified map has been pre- 
pared, with the alluvium all omitted. This brings out more clearly 
not only the structure of t^e rocks, but also the distribution of the 
composite gneisses and their relation to the Sausar series. 

I 
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Examination of this map shows at once that these gneisses, 
treated as a whole, are discordant towards the members of the 
Sausar series. This relationship is clearly seen just east of the 
main road, to the north-east of Deolapar, where the whole sequence 
of the Sausar series gets cut out step by step towards the cast, 
until the gneisses come into contact with the big central outcrop 
of the Bichua stage. 

Of interest as throwing light on the mode of origin of these 
gneisses, we find near to and west of Belda, and again just north- 
west of Junewani, relics of the Mansar stage which is seen west of 
the gneiss outcrop. From this it is to be inferred that the intru- 
sion of the composite gneisses was a tranquil operation, which did 
not greatly disturb the strata. No doubt much of it was of the 
nature of peaceful penetration, carried on over a long period, and 
giving rise in many cases to composite rocks. And such lit-par-lit 
intrusion would clearly be more easily accompbshed in rocks already 
possessing a fissile or schistose structure. It is curious, though, 
that relics of such a soft rock as the Mansar stage are still found 
preserved, while tough rocks like the Lohangi stage of banded 
calc-granulites appear to be entirely missing. It may be that 
where more massive rocks were encountered, stoping on a large 
scale occurred ; whereas the schistose rocks, which could be intim- 
ately penetrated, escaped actual displacement. 


MODE OF FORMATION OF THE STREAKY GNEISSES. 

As regards the instrusion of the aplite into the other rocks to 
produce the streaky gneisses, special conditions must clearly have 
prevailed to allow of such thorough penetration. In the foimation 
of composite rocks of this nature the invading magma must be in a 
high degree of fluidity to penetrate so far without consolidation. 
For this reason one might expect to find the phenomenon commoner 
amongst basic rocks. This, however, is not the case. Basic and 
ultrabasic rocks, although less viscous than acid rocks, contain a 
low volatile content, which is the main fiictor to be considered. 
Thus it is that the most typical injection gneisses are to be found 
in connection with granite magmas, especially with the residual 
aplitio part, highly charged with water and other volatile constit- 
uents at the time of injection. 
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A further condition which seems to be required is that the whole 
area must be at a comparatively high temperature. A fluid magma, 
however much superheated, could not penetrate a cool rock for any 
great distance. This condition of high temperature is to be ex- 
pected in an aiea where the intrusion of igneous magma is at all 
on a large scale, as was no doubt the case in our own area. 

A third condition is that the invaded rock must have a good 
schistosity already developed, otherwise the igneous magma could 
not penetrate in the thin parallel bands which are such a feature 
of these rocks. This condition presupposes that the rock must 
have already been metamorphosed prior to the later injection. 
Whether the metamorphism long antedated the injection is immat- 
erial. But intrusion of this nature could only take place under 
the influence of great shearing stress, and it is permissible to suppose 
that the stress which was responsible for the intrusion of the aplite 
was also genetically related to that which produced the regional 
metamorphism. 

We must envisage first a great intrusion of acid magma of the 
composition of a granodiorite, which displaced the rocks of the 
Sausai series on a large scale ; followed soon after by the intrusion 
of a more acid aplite phase. This aplite magma was forced into 
the still plastic granodiorite, and into the softer schistose members 
of the Sausar series, saturating them with aplitic material, to produce 
the rocks which we now call the streaky gneisses. In other words 
the streaky gneisses have been formed partly by the penetration 
of igneous material by other igneous material, and partly by the 
penetration of metamorphosed sediment by igneous material. 

In this short paper, I have particularly refrained from appealing 
to w^ork done in other countries, where the conclusions drawn might 
not be applicable to our own area. In interpreting the geology 
of a new country the ideal method should be to let the evidence 
speak for itself, and to draw only such conclusions as are warranted 
by the facts of the case. Therefore, I have stated the evidence 
provided by a few particularly clear exposures, and drawn such 
conclusions as seem to be warranted. 

In attacking the problem of the streaky gneisses for the first 
time, it has seemed best to analyse the simplest case first, where 
the actual production of a certain type of streaky gneiss can be 
followed and worked out stage by stage. For this reason only a 
few exposures have been described in any detail, where the earlier 
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stages have been laid bare for onr examination. If in this way a 
solution to the simpler problems has been obtained, it will provide 
a stepping stone for the attack on more oomplioated problems 
elsewhere. 


EXPLANATION OF PLATES. 

Flats 12, Fig. 1. Biotite-granulite, penetrated by aplite, near Nawegaon. 

Plats 12, Fio. 2. Biotite-granulite, penetrated by aplite, near Nawegaon. 

Plate 13, Fio. 1, Normal streaky gneiss (specimen No. 42*960), Dhoria naia. 
Plats 13, Pig. 2. Biotite-granulite, penetrated by aplite, near Nawegaon. 

Plate 14, Fig. 1. Biotite-granulite, intimately penetrated by aplite, Tundia vaJa. 
Plate 14, Fig. 2. Same as fig. 1, near view from above. 

Plate 16, Fig. 1. Biotite-granulite, intimately penetrated by aplite containing 
large phenoorysts of orthoclase, Tundia ^lala, 

Plate 15, Fig. 2. Streaky gneiss, showing discordant patches, Telia mla, 

Plate 16. Geological map of part of the Ramtek tahsil, Nagpur district 

(sheet 66 0/6). 
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FIG 1 BIOTITE-GRANULITE, PENETRATED BY APLITE, NEAR NAWEGAON 



W D Wtst, Photos G S / , Calcutta 

FIG 2 ANOTHER SPECIMEN FROM THE SAME LOCALITY 
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FIG. 1. SPECIM|EN (42 950) OF NORMAL STREAKY GNEISS FROM DHORIA NALA. 



P, Z. Dutta ^ W. D. IVesi, Photos, G. S. Calcutta. 

FIG. 2. BIOTITE-QRANULITE, PENETRATED BY APLITE, NEAR NAWEGAON. 





FIG. 1. BIOTITE-GRANULITE, INTIMATELY PENETRATED BY APLITE, FROM TUNDIA NALA. 



IV. D, West, Photos. 


G. S. /., Calcutta. 


FIG. 2. NEAR VIEW, FROM ABOVE, OF FIG. 1. 
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FIG. 1. BIOTITE-GRANULITE, INTIMATELY PENETRATED BY APLITE CONTAINING 
LARGE PHENOCRYSTS OF ORTHOCLASE, FROM TUNDIA NALA. 



JV. D. West, Photos. G. S. /., Calcutta. 

FIG. 2. STREAKY GNEISS, SHOWING DISCORDANT PATCHES, FROM TELIA NALA. 





Chandra. Del G S I , Ci 

GEOLOGICAL MAP OF PART OF THE RAMTEK TAHSIL, NAGPUR DISTRICT (sheet 55 0/6). 

Scale, 1 inch = 1 mile. 
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I. INTRODUCTION. 

The area described in this paper forms a small portion of the 
lower Himalaya between the Gambhar river, which flows from 
Simla to join the Sutlej, and the Jumna river, 
which forms a boundary between Chakrata 
tahsil and Tehri-Garhwal State, 


Situation. 
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Mapping. 


It lies in the following territories : — Bharauli and Baghat div- 
isions of the Simla Hill States, Patiala State, Sirmur (Nahan) State, 
and Chakrata tahsil of Dehra Dun district. 

The part included in the map (Plate 26) is boimded by latitudes 
30° 30' and 31,° and longitudes 77° and 78°. The term Krol Belt 
is taken from Krol Hill, 7,393 feet in height (30° 57' : 77° 06'), which 
forms a conspicuous feature of the scenery between Kalka and 
Simla. 

The Krol Belt occupies a narrow strip of mainly limestone country 
running N.W.-S.E. in its northern part, and changing in strike to 
nearly E.-W. towards the south. 

The highest point is Juin Hill, 8,493 feet. The lowest point is by 
the Tons river near Kalsi, 1,530 feet. Most of the country lies below 
4,500 feet. Two important rivers are the Blaini (Baliana)^ and the 
Giri. Solon lies on the watershed between the Indus and the Ganges 
drainage systems. 

The area was mapped during the hot- weather seasons of 1928, 
1930, 1931 and 1932 and the cold weather of 1933. It is included in 
one inch to the mile sheets 53 F/1, 2, 6, 6, 10, and 
14. Mapping in the Punjab was carried on almost 
entirely on the now obsolete two inches? to the mile Punjab Forest 
sheets Nos. 312 N.W., S.W., N.E., S.E.; 313 N.E., S.E.; 335 N.W., 
S.W., N.E. The delineation of topography on these two-inch maps 
is for the most part astonishingly accurate. The modern one-inch 
maps are more generalised. Sheets 53 F/G and 53 F/10 do not 
coincide properly at their common margin, and geological boundaries 
at the junction of these two sheets have been slightly adjusted. 
The whole of the mapping was subsequently reduced to the half- 
inch to the mile scale. 

Except for Krol and Sainbar Hills, the greater part of the country 
between Subathu and Dadahu is devoid of character. Form is 
seldom seen, most of the hills showing only 
irregular masses of limestone interrupting the 
sky-line. E.N.E. of Dadahu a marked change occurs, duo largely 
to the presence of the Tal rocks, which have a sobering effect on the 
underlying Krol limestones. Views of Guma, 8,098 feet, peak from 
Nigali Dhar (Plate 18), or of the great semicircle of limestones enclosing 
Tal rocks at Mishwa, yield examples of true mountain architecture. 

* The spelling on the modern maps is Baliana, The term Blaini hag become so 
fixed in Indian geological nomenclatnre that H Bhoujd not he altered. It was writteo 
filini by Medlioott. 
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Scenery. 
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Above 0,000 fMt temperature repiaisa comfortably pool. 
Below 4,000 feet, during the months of April, May and Ju|ie, climutic 
Climate conditions are tropical. At this time of year 

the densely jungle-covered river valleys are hot, 
husaid and unpleasant. 

The flora of the plains persists up to 4,000 feet'. The dominant 
tree of the lower Himalayan foothills, particularly on sandy and 
Flora shaly soils, is the chil or (Mr pine, Pinua 

longifolia. Higher up comes the cak-rhod- 
odendron association. The cedars and firs are rarely seen along the 
Erol Belt, being found only on the northern slopes of Guma and 
Juin peaks. The following is a table of the prominent shrubs and 
trees, with approximate altitude limits, for the area visited. 


Table of Trees and Shrubs, with approximate aliiiude limits of growth. 



Quercu* tn- 
cana. 


Rhodo- 
dendron 

Juglana | arboreum. 
regxa. 

Prunug 
ttrmeniaee. 

Prunus 
perHca. 



Euphorbia 

royleana, 

I Borberii 


Pinu9 All rultlv- 

longifolia. ated. 


ficui reli- 
giotiu I 

Hanco. 

Bute palm. 

Satim tetru- 
tptrma, 

Bamboojp. 
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The writer is particularly indebted to Mr. W. D. West, who intro- 
duced him to the geology of the Simla hills, and who, together with 
■ , Mi. D. N. Wadia, has discussed many of the 

ow gmen questions brought forward in this paper. To Col. 
Sir S. R. Ohristop^ue, F.R.S., Director of the Research Institute, 
Kasauli, he is grateful for hospitality and for information concerning 
the Tertiary rocks. Finally, the assistance given by His Highness 
the Maharaja of Nahan State, and by the Sirmur Durbar, should be 
recorded. 

II. PREVIOUS WORKERS. 

The first authoritative work was that of H. B. Medlicott in 1864^, 
who described a tract of the Himalaya, 230 miles in length and 7,000 
u ... square miles in area, between the Ravi and 

Ganges rivers. Medlicott s attention was con- 
fined principally to the Tertiary rocks, but his observations on the 
pre-Tertiary rooks have formed the basis of all later work. 

Though dividing up these latter rocks into metamorphic and 
unmetamorphic, Medlicott tended to correlate together those showing 
different degrees of metamorphism. His classification was as 
follows : — 

Sub-Himalayan series. 


Upper Sivalik 

Middle Nahun 

TKasaoli. 

Lower . . Subathu < Dugshai. 

V.Siibisithu. 


Himalayan series. 

1. Unmetamorphio. 

Krol. 

Infra Krol. 

Blini. 

Infra BlinL 

2. Metamorphic. 

Crystalline and sub-orystalline rooks. 

While the Infra-Krol and Krol rooks on Krol Hill are practically 
unmetamorphosed, Medlicott considered that their equivalents at 
Simla were crystalline schists, tremolite-limestones and recrystallised 
quartzites. 

QtoL 8wrv. Ind., Ill, (1864). 
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In spite of the great) covered, the wealth and detail of 

observation are remarkable, and Medlicott’s memoir will for all 
time remain a classic. 

Between 1883 and 1888, R. D. Oldham published a series of 
papers in the Records^, on the geology of the hills between Simla and 
Chakrata. Ho was concerned chiefly with the 
Blaini and Infra-Blaini rocks and his work 
showed the difficulties which confront any detailed examination of 
complicated mountain areas. 

In his second paper (cited below), he suggests a glacial origin for 
the Blaini conglomerate, re-naming it a boulder slate. In his fourth 
paper, he assigns an Upper Palaeozoic ago to these beds. 

From 1886 onwards, C. S. Middlemiss mapped and described 
large areas of British Garhwal.^ From the point of view of this 
present accoimt, his second paper, on the 
cftiBs. physical geology of West British Garhwal, is 
the most significant, since that tract of country lies to the south-east 
of, and in strike continuation with, the Krol Belt. A new standard 
of accuracy in mai)ping was there introduced, and the possibility of 
great rock translations was foreshadowed. Middlemiss paid partic- 
ular attention to metamorphic condition, noticing transitions 
between rocks of widely different metamorphic grade. 

Middlemiss worked later in the Hazara area, many of the rocks 
and structures of which are probably equivalent to those of the 
Krol Belt.3 


In 1888-1889, R. D. Oldham surveyed the country bordering on 
the then projected Kalka-Simla railway. His results were written 
up in manuscript form, but were never published. His mapping of 
the Tertiaiies is of groat accuracy, but ho did not bring out the 
complexity of the pro-Tertiary rocks. Ho accepts the correlations 
of Medlicott. 

In 1908, Sir Thomas Holland described a striated boulder from the 
Blaini beds at Simla, remarking that the find added weight to 
Oldham's supposition of a glacial origin. He suggested a Furana 
ago for the Blaini.^ 


1 Itec. GtoL 8urv, Ind., XVI, pp. 193*198, (1883); op. cit., XX, pp. 143-163, (1887) ; 
op. ciU, pp. 166-161, (1887) ; op. cit., XXI, pp. 130-143, (1888). 

*Rec. Oeol. Surv. Ind., XVIII, pp. 73-77,(1886) ; op. cU., XX, pp. 26-40, (1887); 
op. ciL, pp. 134-143, (1887) , op. cit., pp, 161-176, (1887) ; op. cit., XXI, pp. 11-28, 
U888). Metn. Oeol. 8urv. Ind., XXIV, (1890). 

• Mem. OeoL Sttrv. Ind., XXVI, (1896). 

• Bee. Geol. Swrv. Ind., XXXVII, pp. 129-136, (1908-09). 
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Between the years 1916 and 1918, Prof. H. C. Das-Gupta, of 
the Presidency College, Calcutta University, led parties of students 

excursions in the Solon and Simla neigh- 
H- C. Das-Oupfa. pubUshed various papers 

on the age and correlations of the rocks in this area.^ 

In 1926, G. E. Pilgrim and W. D. West initiated a detailed 
survey of the Simla Hills, using the excellent two-inch to one mile 
Punjab Forest maps.^ Their area lies adjacent 
to and north-east of that described in the 
present paper. Their work was confined 
almost entirely to the more metamorphosed rocks. They realised 
that the apparent simplicity of the sections at Simla was probably 
deceptive, and, discarding the correlation of the rocks at Simla 
with those on Krol Hill, they suggested instead that a series of 
thrusts had brought rocks of different degrees of metamorpliism to 
lie in abnormal juxtaposition. Their succession is as follows : — 


0. e. Pilgrim 
W. D. Weit 


and 


Dagshai series 

• 



Lower Miocene 

Subathu series ..... 




Middle Eocene 
Upper Oligocene 

Krol series ..... 




? 

Krol sandstone ..... 



0 


Infra-Krol beds .... 




Lower Gondwana 

Blaini limestone .... 





Blaini conglomerate 



•j 


Simla series (Infra- Blaini) . 




Lower Palaeozoic 

Jaunsar series . . . . • 




Parana 

Chail series . . > • • 




Parana 

Jutogh series . . . . • 




Archaean ? 

Shall limestone and slates . 

. 

, 


Position un-ertain. 


The sequence of the Jutogli, Chail, Jaunsar and Simla series was 
according to metamorphic condition, the most metamorphosed being 
regarded as the oldest. Since these series occur in such a manner 

^Journ, As, Soc, Betvg,, N. S., XIV, p. oUxxv, (1918). Jowm. Dept, /Sci., VlJl, 
(1926), Calo. Univ. Press ; op, ciU, X, (1029). 

^ Mem. Qeol. StMTv, Ind.^ Llll, (1028). 
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that the most metamoiphosed rocks lie at the top, the more altered 
series were regarded as being founded upon thrusts over those that 
are less altered, as follows : — 


Adcending sequence 


Jatogh Mries. 


Ohail series. 


-^utogh thrust. 


Jaunsar series 


■^Chail thrust. 


■Jaunsar thrust. 


Autoohthonous sequence of Simla slates to 
Krol rooks. 


D. N. Wadlo. 


The eidfltence of thrusts was indicated, independently of inetamorphic 
condition, by disappearance of rook divisions owing to overlap. 

An Upper Carboniferous age was re-introduced for the Blaini beds. 

In 1928, Mr. D. N. Wadia gave an account of the geology of 
Poonoh State and adjacent portions of the Punjab. In this memoir^ 
he shows the existence of extensive thrust 
planes, and of volcanic rocks in the Upper 
Carboniferous and Permian. Thrust-planes are still more emphasised 
in later papers by Wadia, particularly that on the Himalayan 
syntaxis. 

Work has been continued in the Simla hills by Mr. West and 
myself, summaries appearing in the Director’s General Reports.^ The 
writer has published a Miscellaneous Note on the supposed occurrence 
of Chonetes in the Krol limestone and a short paper on the age of 
certain Himalayan granites.® 

The present paper is a continuation of the work started by 
Pilgrim and West. Some of the views put forward here differ 

Nature of a r slightly from those previously expounded. 

a re 0 paper. ^eas have been examined which had not been 

formerly visited, and from the study of which modified interpret- 
ations have arisen. In no sense can those present opinions be consid- 
ered final. They are put forward for the purpose of crystallising 
out the information and deductions before the collected data be- 
comes too unwieldy. In regions of such complexity, modification 
is bound to result from continued work and fuller knowledge, but the 
later work is only a growth from that which has preceded, and is 
dependent on it. 

1 JCeiiu^f.Sfi£rt;./rki.,LI,Pt. 2,(1928). Bec.QedL /Surv. LXV. p. 189, (1931)* 

• Rec. Oeol. Surv. Ind., LXU, pp. 164-168, (1929); op. cit., LXV, pp. 126-182, 
(1931) ; op. cit., LXVI, pp. 126-130, (1932). 

• Op. ciL, LXV, pp. 634-630, (1931) ; qp. oU., LXVI, pp. 461-471, (1933). 
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in. SEQUENCE OF FORMATIONS IN SIAILA-CHAKRATA HILLS. 

Straligraphical sequence. 


Age. ' 

Solon neighbourhood. 

Tons river neighbourhood. 

Miocene 

Nahans (only at Kalka) 

Kahans 


fKasaull 


Lower Miocene 

\ Dagshal 

Dagshal 

OllROoeno I 

Subathu (Nummulltlc) 

Subathu (Nummulltlc) 

Itocono 



never tn contact. 


Upper Tal 


? Cretaceous 
and Jurassic 


ahtent. 


Tal 


Lower Tal 




1 

Krol E 

1 


1 

Upper Krol 
limestone 



l#CroI lime- 
stone 

KroID 


Krol lime- 
stone 




KrolC 



? Permo-Car- 
bonlfcroufl 

Krol scries 


Krol B (Rod 
Shales) 

Krol series 


Red Shales 




Krol A 



Lower Kro 
limestone 



Krol sandstone 






Infra-Krol 


Infra-Krol 


Upper Car- 
boniferous 

Blalnl 


Blalnl 



? Devonian 

and Silurian 

Jaunsar with possible Mandhall 

Nagthai stage 1 

Chandpnr stage 
Mandhall stage ' J 

l-jraunBar serlee 

Y Lower Pal- 
aeosolo and 
tnre-Oam- 
orian 

Simla slates with Kakarbattl limestone 

1 

Deoban llmeatone 

Simla slates (Horar-Obakrata beds) 

Itlooene [ and 
older ] 

Dolerltes 
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IV. LITHOLOGY. 

The lithological characters of the various rock divisions will now 
be described, irrespective of whether correlation will ultimately 
render some of them equivalent. Beginning with the base of the 
succession are the Simla slates. 


Simla Slates. 

The Simla slates occur typically on the spurs between Simla and 
the Sutlej river. In the Krol Belt, they are seen in a stretch of 
country which runs from the Gambhar river, past Kandaghat and 
along the Ashmi-Giri rivers. They also occur in the vicinity of 
Subathu and Solon. After a long gap, they crop out again between 
Morar, Chakrata and the Jumna river, north of the Tons thrusb. 

The Simla slates are dark- and sombre-coloured, with grey-blue tints, 
and are made up of micaceous shales, bleaching shales and slates, 
pencil slates, clay-slates, occasional phyllites, sandstones and predomi- 
nant graywackes. Except for fracture cleavage in some of the shale 
bands between the more massive graywackes, true oblique cleavage 
is never seen. Parting is parallel to the bedding planes. Bedding 
thickness varies from ten feet to half an inch, but is characteristically 
massive. 

Areal Types. 


(a) North-east of the Krol thrust. 

The Chhaosa slates are similar to those found north of Simla. 
They occur in massive beds, two and more feet in thickness. 

Chhaosa t e Graywackes predominate over slates. The most 

characteristic feature of the Chhaosa slates is 
the occurrence of numerous beds containing pillow- and kidney- 
shaped concretions, up to 18 inches in length, of impure quartzite 
and clay-slate set in a clay-slate matrix. The difference in compos- 
ition between the concretions and the matrix is often very small. 
Many of the pillow-concretions are too flat for their origin to be 
explained by rolling and concentric accretion on an inclined floor. 
Possibly earthquake shocks jolted partly consolidated material 
amongst overlying softer muds that had been just previously de- 
posited. Wash-outs may bo seen, as in the Ashmi river below 
Sunny. CuCTent-bedding is common, especially in the more quart- 
udtio rooks, and in the Gambhar river shows the beds to be uninverted. 
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This division generally occurs in cliffs. The base is not seen. 
Its visible thickness is 1,400 feet in the excellent exposure along the 
Gambhar river. 

The Domehr slates are thin-bedded and consist of soft, green, 
micaceous silts, gritty slates, cindery and nodular micaceous sand- 
stones. Ripple-marking is very common. 

Domehr sUtes. There is a complete lack of metamorphism. 

This division succeeds the Chhaosa slates and 
has a minimum thickness along the Gambhar river of 1,200 feet. It 
has not been recognised east of Kandaghat. 

(b) South-west of Krol thrust. 

Between Subathu and Arid, the Simla slates are richer in puckered 
leafy phyllites, but they exhibit as well some massive quartzitic 
bands, finely ripple-marked shaly quartzites and green nodular 
micaceous siltstones. 

The chief feature of these slates is the intercalation of the Kakar- 

hatti limestone. This is pale grey, blue-grey and purple in colour. 

It is microcrystalline and sometimes oolitic, 
Kakarhatti Umestone. , i ^ • 

whence lis pseudo-orgamc appearance. Chert is 

abundant, in crinkled thalloid patches more or less parallel to the 
bedding. The limestone has been strongly strained and has some- 
times flowed. It is associated with soft, green, needle shales and 
bleaching slates. It has been traced by Dr. Pilgrim from Subathu 
to Arki and must continue for at least five miles further north. 

Microscopical. 

There is no hard and fast lino between saudstones, graywackes and slates. 
The finer slates, ol grain-size less than 0*02 mm, are too obscured by clay-paste and 
dirt for determination (21959). In less fine-grained rocks, authigenic quartz, 
chlorite and scricite may be seen. The grain-size of the sandstones seldom exceeds 
1*0 mm, l)eiDg usually about 0-25 mm. Detrital grains of phyllite, quartz, mus- 
covite, plagioclase (19203), tourmaline (21961) occur in a matrix with authigenic 
quartz, chlorite and sericito. Chlorite is common, in minute rods and bundles sot 
in quartz (19204), as film-envelopes to grains (19211), or in patches (19204). 
Secondary serioite may occur in laths up to 0*25 mm long. Carbonate is rare 
(19205). 

Kakarhatti limestone,— Concentiio rings of carbonate occur round cores of more 
or 3 ^talline carbonate. Interstitial between the eoliths is a matrix of carbonate, 
detrital quartz, plagioclase and white mica. Of interest is the intimate authigenic 
association of quartz and carbonate in the ooliths. Good prism sections of quartz, 
with rhombohedral terminations, may be seen showing euhedral boundaries ad- 
jacent to and penetrating the rings of carbonate. Inside this auihigepic quartz are 
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granules of carbonate wkiob either are tmret)Taoed retdliantB or reprUetit iii6ipient 
crystallisation of carbonate simultaneonsly with quartz. Authigenio chlorite is 
also common with sharp boundaries and fiesh appearance (21956, 21968). 

Jaunsars. 

Tbe Jaunsars are provisionally regarded as comiirising tliree 
stages, in apparent ascending order : — The Mandhali stage ; the 
eShandpur stage ; and the Nagthat stage. These stages were only 
properly differentiated after this report had been written. 

(a) Mandhedis (Lower Jaunsat). 

A discussion of this difficult group of rocks is postponed till a 
later section (page 419). Here 1 shall assume as Mandhalis those beds 
which apparently underlie the Chandpur stage (Middle Jaunsars), 
and overlie, by thrust junctions : — 

(а) Nahans and possible Dagshais on the south side of the 

Jaunsar syncline ; 

(б) Simla slates, with or without Nummulitics, on the north 

side of the Jaunsar syncline. 

The apparent succession on both sides of the syncline is more 
or less the same, and is given below. 


Smdh Umb* 

North Umb» 

dips north. 

dips south. 

Chandpur stage. 

White massive quartzite. 

Chandpur stage. 

White massive quartzite or quartz^schist. 

{g) Bansa limestone, sporadic. 

(/) Slates and phyllites. 

(e) Dhaira (30 33' ; 77 60') limestone. 
Locally gn^itenschist. 

(d) Boulder beiL 

(e) Quartzites, grits and conglomerates. 

(6) Kalsi limestone or marble. 

{a) Kalsi quartzites and bleaching slates. 

Buisa limestone, very persistent. 

Slates and phyllites. 

Khambroli (30 38' t 77 W) limestons. 

Locally mphite-slate. 

Boulder bed. 

Quartaites, grits and conglomerates. 

Naraya (30 39J' : 77 60J') limestons cr 
marble. 
abmnt. 

Krol thrust, dip north. 

l^ahand, poMble IDiL^haSs 

Tons thrust, dip south. 

Kummulirios, poseiUe Dagshais, vesting oti 
Simla slates. 
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(а) The Kalsi quartzites and bleaching slates may be seen on 
the hill half a mile W.S.W. of Kalsi post office and on the lower 
slopes of the hill-sides east of the Amlawa nala. The quartzites 
are dull grey-white, and highly veined with quartz. The slates 
are only seen in a weathered condition, being bleached and stained 
with iron oxides. 

(б) The Kalsi limestones are most easily seen near the foot- 
bridge over the Amlawa nalay half a mile north of Kalsi post office, 
and on the col between hills 6,925 and 6,658 feet, south of Kailana. 

They are highly banded and interbedded with slate or phyllite. 
Colours are variable — grey-blue, green, purple and variegated purple- 
white all being seen. A sandy basis is rare. When unstressed, the 
limestones are microcrystalline, but stress has commonly led to the 
formation of fine-grained marbles, which are sometimes visibly 
crystalline. Specimens from the same locality may be unfolded or 
highly contorted. 

A feature which has occasionally been noticed, as, for < xample, one 
mile E. S. E. of Mandharsu, is that the apparent bedding-planes of this 
limestone are in reality joint-planes, since the composition bands, which 
give the true bedding, may be seen to cut these planes at high angles. 

(c) The overlying quartzites, grits and conglomerates may be 
well seen just upstream from the footbridge over the Amlawa nala 
on the banks of the Jumna river, by mile 33 along the Chakrata- 
Mussoorie mule-track and at Dagura, Conglomerates are rare, 
but pebble beds containing pebbles of vein- quartz and purple slate 
or phyllite are common. Colours are pale green, grey and purple. 
The rocks are strongly ripped with vein-quartz, and are generally 
sheared to give schistose quartzites, and pebble-schists. Chlorite is 
the chief mineral developed, which imparts the dominant pale 
green colour. These schistose quartzites often weather into soft 
rocks that belie their real metamorphic nature, a consequence 
possibly of the ease of water permeation along the incipient planes of 
schistosity. There results an anomalous feature in that the Numm- 
ulitic quartzites, found locally at Dabra close to the Mandhalis, are 
vitreous, and appear superficially to show greater metamorphism 
than the weathered Mandhali quartz-schists. 

(d) The boulder bed occurs almost invariably above these 
pebbly quartzites and just below the Dhaira limestone. There 
may be other boulder beds, but it is impossible to tell to what extent 
folding and faulting may have displaced the original succession anef 
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have resulted in duplication of some beds with elimination of others 
that were formerly adjacent. 

The best localities for seeing these rocks are in the Jumna river 
700 yards W.S.W. of Bias, in the Tons river near the thrust contact 
of Mandhalis with Simla slates, a quarter of a mile S.S.W. of hill 
6,571 feet, and in a nala half a mile south-east of Makhta. The matrix 
is either slate, gritty slate or pure sandstone. Boulders and pebbles 
consist characteristically of limestone, dark slate, pale and dark 
sheared quartzites, and vein-quartz. Limestone fragments are 
invariably present in these rocks, in contrast to their rarety in the 
boulder bed of the Blaini. The limestones are either dark and 
microcrystalline, or marmorised to white, speckled, fine-grained 
marbles, similar to the marmorised type of the Kalsi limestone. 
Occasionally pink-weathering limestones are also seen. Together 
with these limestone fragments, there are very frequently found 
slivers of dark Umestone that grew in situ in the rock. In the 
Tons river, these slivers may be seen to be up to 3 feet 6 inches in 
length. They are never over two inches thick. It is impossible to 
assume that such flat plates of limestone were deposited as frag- 
ments derived from erosion of pre-existing limestones, since they 
would have fractured in transport. Stress has certainly caused 
elongation of some of the fragments of limestone and quartzite, but 
the dimensions of these sUvers are such that they cannot be accounted 
for solely by stress-elongation. Further, lenticles of sandstone of 
similar type to the limestone slivers, are also found grading insens- 
ibly into a sandstone matrix containing boulders. The whole 
aspect of these rocks is that of original lenticular deposition of 
primary and derived constituents. 

Immediately below the Dhaira limestone is sometimes seen a 
graphite-schist or slate. The clearest exposures are in the Jumna 
river, 700 yards W.S.W. of Bias, where graphite-schist intervenes 
between boulder bed and limestone, and in the Shwala nala, 0*67 
miles west of Maralhau, where there is an abrupt contact of graphite- 
slate containing lenticles of carbonate and the overlying limestone. 

(e) The Dhaira limestone is made up of thinly interbedded, dark, 
microcrystalline limestone and dark pyritic slate. The limestone is 
often lenticiJar and may closely resemble the Lower Krol limestone. 
It differs from the latter, however, in its greater degree of inter- 
banding with slate, in its markedly angular folds, and in its frequently 
sandy basis. This limestone may be seen on the south side of the 
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Jaunsar flynoline at Pathna, north of Badhana, hill 3,993 feet, Dhaira, 
and in the Jumna river at Bias. On the north side of the Jaunsar 
syncline, it is to be seen between Ara and Khambrali, near Uproli, 
and south of Dagura. 

(/) Between the Dhaira and Bansa limestones occur silvery 
black, sheeny phyllites and pale green, slightly talcose phyllites. 
These are best seen north of Udpalta. 

(gr) The Bansa limestone is very distinctive since it weathers to 
deep blue-black, granular surfaces, showing abundance of sand 
grains. On fracture the limestone is almost invariably eu-crystalline 
and blue in colour, though grey and purple colours are sometimes 
seen. The bedding is coarse, though the individual beds may be 
seen to be made up of many bands of slightly varying sand content. 
This sand content is far greater than that of the Dhaira and Kalsi 
limestones, from which the Bansa limestone is also distinguished 
by its more massive bedding. 

On the north limb of the Jaunsar syncline, the Bansa limestone 
has been traced almost without intemiption for 24 miles and has 
been an invaluable horizon. Along the southern limb of the syncline 
it is inconstant, though it occurs intermittently from just north of 
Chandni to a short distance east of the Kalsi-Chakrata motor road 
after which it is, for some reason, cut out. 

Intimately connecteil with the Bansa limestone and often inter- 
bedded with it, is a pale quartzite or quartz-schist. This has been 
placed as the bottom member of the Chandpiir stage, though the 
division should not be taken to imply any break in sedimentation. 

(5) Chandpur stage (Middle. Jaunsar), 

The rocks of this stage form a distinctive outcrop from Chandpur, 
past Naga Tibba, Chorani, and extending eastwards to Nag Tibba 
in 63 J/N.W. 

The most characteristic features of this stage are a highly banded 
association of quartzite and phyllito, and the presence of abundant 
green beds. As many as 24 bands of quartzite and phyllite may be 
seen in two centimetres. Although quartzite is really in excess of 
phyllito, the latter appears to predominate since it invariably adheres 
as thin films to the surfaces of the quartzite. The true ratio is seen in 
sections at right angles to the bedding. As a result of compression, 
this quartzite-phylUte association is generally thrown into striking 
crinkles and fold-puckers, which, together with the small-scale 



37? Record the Oedlpgiodl Sttrvey of India. [ VoL. LXVEf. 

bandii^, result in simulation of fossil wood. The puckers resembje 
ripple-marks, but are usually too regular and of too accentuated 
amplitude actually to be so. True ripple-marks do occur in the 
quartzite bands, which impart to the later deposited muds, now 
phyllite, the same relief, but in such cases the amplitude is in keeping 
with that of ripple-marks. Later compression may, of course, fold 
these sedimentation ripples into puckers. 

The phyllites grade into sheeny schistose phyllites, which just 
lack a sufficient degree of metamorphism to be called true schists. 
Such schistose rocks are used as roofing material at Manogi, wrongly 
called Dikroli, in 53 J/N.W. 

Besides this dominant quartzite-phyUite association, there are 
more massive current-bedded quartzites and an extensive series of 
chlorite-tufEs, slates and quartzites. These green rocks occur in 
distinctive homogeneous beds, showing strong polygonal jointing, 
and brown crusty weathering. Fracture is with a sonorous ‘ hammer ^ 
ring. 

The majority of these rooks are metamorphosed tufis, though 
occasionally amygdaloidal basic lavas are found as along the 
Mussoorie-Chakrata mule-path between miles 20 and 22. Tlie 
differentiation in the field between tuff, lava and fme-grained intrus- 
ive rock (? contemporaneous with the volcanic material) is often 
very difficult. The coarser dolerites are, of course, readily recognis- 
able. 

There is no doubt about the pyroclastic and volcanic nature of 
the green rocks themselves. It is possible, however, that much of 
the so-called quartzite-phylUte association may also be tuffaceous. 
Many of the quartzitic bands under the microscope show little 
clastic quartz, but solely a fine-grained mosaic of quartz, sericito and 
chlorite, similar to that found in the undoubted tuffs, I am indebted 
to Dr. J. A. Dunn for drawing my attention to this possibility, and 
to references to photographs of the highly banded, recent, sub-aerial 
tuffs in New Zealand.^ 

The thickness of this stage near Chorani and Nagthat is at 
least 4,500 feet. 

(c) Nagthat stage (Upper Jaunsar). 

The Nagthat stage was only recognised as a separate group in 
1933, after this paper had already been written. West of the Tons, 

I N. Z. DepL SeienUfio and Industrial Research, No. 32, (1932). 
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i% was not differentiated by mapping from the underlying Ohandpur 
stage, though it is undoubtedly represented by outcrops in the 
Tons river below Andra, and at Minal Bag. 

In the present map it is well seen on Nagthat Hill and by Lakhwar, 
but the best development is to the east, in sheets 53 J/N.W. and 
J/8.W. 

The characteristic rocks are sandstones, arkoses, quartzites, grits, 
conglomerates, clay-slates and phyllites showing purple and green 
colours. Some of the sandstones are pyritic, weathering to rusty 
bleaching crusts. The arenaceous rooks are strongly current-bedded 
and ripple-marked. The conglomerates contain pebbles of vein- 
quartz, often stained rod or purple, purple and pale quartzites, 
purple and green slate or phyllite. They are typical of the Jaunsar 
conglomerates of the Simla area. Green tuffaceous sandstones are 
developed east of the area included in the map. 

Boulder beds have been found in probable Nagthat beds in two 
places. One exposure is on the hill-side 0-4 miles N.N.W. of Hiyun ; 
the other exposure is in the Tons river 0*7 miles south-west of Altau. 
In both localities, the boulder beds are associated with quartzites, 
elates and phyllites, while in the Tons locality, there are also dark 
micaceous slates of Infra-Krol type. No limestones were seen. 
The boulders are angular, and consist of dark slate and greenish 
quartzite, types common in the Jaunsars. The matrix is gritty. 
Other boulder beds occur in what is dofinitolv the Nagthat stage, 
south of the Aglar river in sheet 53 J/3. 

In the Newali nala, immediately to the north-east of Ehadayat, 
are found green tuffaceous quartzites, some of which are agglomeratic, 
and resemble the gritty facies of the Blaini when relatively free from 
pebbles and boulders. 

Great variation in metamorphic condition occurs. Some of the 
rocks are soft clay-slates and sandstones. Others are talcose phyllites 
and schistose quartzites. 

The rocks of this stage appear in the north to lie conformably 
upon the Chandpur stage, often with a basal conglomerate (Nagthat 
Hill). Towards the south it is probable that they overlap the Chand- 
pur stage with marked unconformity. The significanoe of this 
unconformity is not at present fully understood. 

MicroficopicaL 

When unaltered, the arenaceous rocks of the Jaunsars are generally more or 
IcM pnro quartsites, with op without plagioelase and teunualine. Grain-size 
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averages 0*50 mm. within limits, in the speoimens examined, of 1*7 mm. and 0*20 
mm. The feldspar is almost always plagioolase, near the albite end (2197B, 21067). 
Tourmaline is generally common (21977, 21967). The cement is silica. Increase 
of strain may be seen by the following progressive symptoms : — 

(1) Extensive strain shadows, (19196, 21967). 

(2) Breaking up of the clastic grains by frittering along the margins and forma- 

tion of serioite quartz mosaic continuous with the grains. Strain shadows 
marked (21966, 21978). 

(3) Greater proportion of matrix formed by break-down of the grains. Marked 

frittering and straining (21963, 21977). Clastic structure discernible 
under low-power and in ordinary light. 

(4) Grains isolated in a crush matrix of serioite and quartz, chlorite and quartz, 

or chlorite, serioite and quartz. The original rounded clastic grains have 
lost their original contours and become angular, with frittered edges 
intimately associated with the pulp matrix (2197C, 19197, 21969, 
21970). In the hand specimen, some of these quartzites are markedly 
schistose (44*103). 

(5) Matrix more common than grains and clastic origin just discernible under 

low-power. No original edges to grains. 


1 1 ohlorite-serioite-quartz-schist 


21972' 

21973 J 

21964 chlorite-sericite-magnetite-quartz-schist. 

Not all the matrix of some of these rocks is secondary in origin, formed by the 
break-down of grains. Some of it is primary, being the finer-grained clayey matrix 
that surrounded the grains of quartz and feldspar. It is difficult in oases of obvious 
reconstruction, in which break-down is manifest, to determine the proportion of 
primary and secondary matrix, since both yield a fine-grained mosaic of serioite 
chlorite and quartz. 

The rocks of sections 4 and 5 could be confused with those in the Chails. 
Tourmaline and plagioclase do not necessarily occur in the same slice. The plagio- 
clase does not necessarily give rise to sericite on crushing, since even in crushed 
rocks full of secondary sericite, the detrital plagioclase may be fresh (21978). 

Similar features are seen in the phyllites, but the ratio of matrix to detrital grains 
is greater. False cleavage occurs, oblique to the fine bands of phyllite and phyllitic 
quartzite (21971). 

The finer-grained, mottled, groen-purple beds are difficult to examine. A very 
fine and intimate association of quartz, chlorite and serioite is just discernible, the 
individual chlorite laths being up to 0*05 mm. in length (21974). 

The limestones are generally crowded with detrital quartz and very frequently 
plagioclase, microcline, and tourmaline (21982). In most of the slices, there has 
been corrosion of quartz by carbonate (21983). The grains of quartz have lost 
their smooth edges, and show in growths of small prisms of carbonate. Apart from 
the detrital quartz, there is a finer-grained interpenetration of authigenic quartz and 
carbonate (21980). 


Blaiai. 


There are two typical rock-faoies in the Blaini the boulder bed 
or tallite, and the limestone. These form the most unique and 
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striking rock association of the whole area. There is, however, no 
typical development of the Blaini, since no two exposures agree in 
character. The boulder bed may occur alone ; or limestone may 
occur alone. There may be several boulder beds, with or without 
limestones. The boulder beds, and/or limestones, may lie on Simla 
slates, on Jaunsars, in beds of Jaunsar type, or in those of Infra-Krol 
type. This last manner of occurrence is particularly common in the 
Solan area. The slates of Infra-Krol type that are so intimately 
connected with the Blaini, should probably be mapped as Blaini. 
Since, however, the boulder beds and limestones often die out later- 
ally along the strike, there has in many cases been embarrassment 
in distinguishing between Blaini and Infra-Krol slates that are 
lithologically identical, but, which, on account of this absence, are 
no longer separated in dip section. Consequently, those slates of 
Infra-Krol type that occur below the Blaini are mapped as Infra- 
Krol. Similarly, conglomerates of Jaunsar type associated with 
the Blaini are mapped as Jaunsar. 

The tillites are described in plural, though it is uncertain in the pre- 
sent area to what extent repetition of boulder beds and limestones in 

dip sections is due to original sedimentary repet- 
Boulder beds or fillltes. ... ,, ,, 

ition, and to what extent to imbncate faulting. 

That there must have been locally more than one boulder bed is 
shown by the presence of water-rounded boulders of tillite itself in 
tillite (Plate 20, fig. 2). 

The boulder beds are generally dark grey-brown in (;olour, and 
consist of angular, sub-angular and rounded boulders set in a fine- 
grained matrix. The matrix may bo clayey or gritty. The quantity of 
boulders varies, they in some exposures being absent. The boulder- 
free matrix in such cases is often a greenish, hard quartzite full of 
closely packed polygonal joints, as at Lagasan and in the Damkri 
nala. The size of the boulders varies from three feet to that of very 
small pebbles. Their angularity is for the most part determined 
by the jointing and thin-bedding of the parent rocks from which 
they were eroded. There is gradation from tillite to conglomerate, 
containing rounded pebbles of vein-quartz. Good examples of this 
gradation may be seen in the nala which flows south from Kandon 
to join the Giri river. The boulder beds may be strongly sheared, 
in which case the matrix becomes cleaved, phyllitiscd and eventually 
schistose, while the pebbles become flattened out so as to be difficult 
to distinguish from the matrix. This is best seen on the Juint 

o2 
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Ptiai^p^V pdgp. Soiatchei^ ar^ ac^etimea foimd on the bpiilders, 
j;;iut it is iii^pQ^^ble tp bp suie wbptbpr tbo&p axe due to inteipal 
fription 01 to glacial actipp. Certain Jaimsar phyllltes north of 
Sbftllai sljpw tbP pTcsence of grooves, which were at first taken to be 
due to internal friction, but which, on closer inspection under the 
Jens, arc found to be corrugations or minute cross-folds running 
pprpeu^pular tp the strihe of the strain-slip cleavage. 

!Php boulders and pebbles are of the following types : — dark 
slate, greenish quartzitio grit, pale quartrite, pepper sandstone, 
greep siltstqne or slate, banded slate, vein-quartz, occasional micros 
crystalline liipestone weathering buff-cploured. Their provenance is 
updnubtedly the Supla slates and the Jaunsars. The provenance 
p| the limestone fragments is uncertain. In one case the limestone 
appears to bp of Blaini type (10194). 

Th€> limestope is generally pink and microcrystalline. It does not 
pfiorvespe with acid or scratch with a knife. Its bedding is from 
Limestone ^ inches and is generally 

contorted. Another type of limestone is one 
wh;ch ia 8ap4y an4 soft* weathering to thick dark orange-brown crusts* 
This is often distinctly ferruginous. 

T'he lipceatone grades by a4dition of play matter into calcareous 
shales an4 s|ates, which may bo purple or pink in colour. Some- 
times thepe are ad f^hat is seen in the Blaini, as at Barog Station, 
at the base of the Krol thrust. 

Out pf the great variety of sections seen in the Blaini rocks, the 
fpllpwing three may be taken:— 

(a) In (Aa Ton9 river, belaw Andrq (3Q° 36' : 77° 44')— 

Infra- ^ol slates true oleav^^ge. 

Blaini boulder bed, 20 feet thick. 

Jaunsar quartzites. 

(k) In ik* Kawal Khai, near height 3^1 feet (30° 60' : 77° 10'). 

Infra- Krol banded olay-slate. 


Purple and pink, banded, slaty limestone . . . . . 

More massive, pink, lenticular limestone . . . . . 

Highly sheared boulder bed, with twisted knots of gritty clay-slate 
linear bavded grwu aad purple ennkled slates 

Tjppioal hpufdw 

Sheared slates aqd sl^tj quart^fi^ 

Oongloiperate with ‘ egg^ ’ of vein-q^uartz . . . . 


Feet. 

50 

10 

25 
80 

26 
\0 
16 



1C6 

Inf^a Krol, but iwnpOTly 
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(c) Dhar spur, near hiU f&et (30° 68' : 77° 02' 30"). 

Infra-Krol Bhales and Blates. 


Pink limestone « . • 

Boulder bed 

Slates and gritty slates. 

Limestone 

Boulder bed 

Papety slates. 

limestone 

Boulder bed 

Slates and gritty slates. 

Limestone 

Botilder bed 

Slates and gritty slates. 

limestone (no boulder bed) 

Leafy slates with gritty slates. 

Eartby limestone 

Red shales 

Pint limestone . 

Boulder bed 


Horizontal distance of section, 
about 4,000 feet ; dips variable, 
1 4 but minimum thicl^ess 2,000 
y feet. Most of this is due 
probably to thrust multipH6- 
ation (see Plate 26, Section 1). 


2 



Bleaching and papery slates, mapped as Infra-Krol. A sfriall wedge of Subathos. 
The whole has been thrust over Subathus, by the Krol thrust. 


Microscopical, 

The matrix of the boulder bed shows angular fragments of quartz, quite 
unrgraded, sot in a dirty fine-grained quartz-clay matrix, with secondary sericite 
in laths of 0-010 mm. (22001). When the boulder beds are more crushed the sericite 
becomes longer, 0-03 mm. (22002). Exceptionally the matrix is of calcite of 
dolomite (21999), as in the outcrops of Blaini near Maaria. 

Pebbles include : — 

Recr 3 r 8 tallised mosaic quartzite (21990) . . Probably Jutogh. 

Sericite-quartzite (21999) .... Probably Jutogh. 

Fine-grained arkosio sandstone with ? glau 

oonite (21999) Simla slates. 

Sandstone containing many grains of phyllito 

and carbonaceous slate (21998, 19196) . Simla slates. 

Grit with isotropic clay paste matrix, similar 
to grits below Blaini at Gadhsisar (19193) * Blaini. 

Fine-grained sandy limestone (19194) . . BMni. 

This Hst is not representative, since specimens for rook-sect^ns were not taken 
from pebbles ^hose provenance was unquestionably Simla slate and Jaunsar. In 
particular this applies to the abundant boulders of dark slate so universally found 
in the Blaini. 

The limestones do not call for comment. The typical hard siliceous limestone 
Shows a very fine-grained mosaic of carbonate with interpenetrating quartz, and 
nlre feldspar (l92(yi). The iiriptrre Srtndy Hmestones show abundant quarts, with 
oeeasiOtta! otigoe^aso, detritail wWe nrioa^ set hi a matrix of carbonate (21997); 
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Infra-KroL 

The Infra-Krolfl are made up of highly incompetent rooks which 
have been so folded and inter-faulted that no representative section 
and no reliable estimate of their thickness can be made out. Fresh 
rooks of the Infra-BIrols in stream sections differ so markedly from 
the more commonly seen weathered rocks on hill-sides that it has 
sometimes been difficult to assure oneself of their original identity. 

The Infra-Krols consist chiefly of dark shales and slates, closely 
interbedded with thin buff-weathering a quarter of an inch to four- 
inch bands of impure slaty quartzite. This banding is close enough to 
be called of varve type. Occasionally thicker beds of pepper quartzite 
are found. Towards the top of the Infra-Krols (that is, in sections 
seen below the Krol sandstone and limestones), black carbonaceous 
shales or slates occur without the thin bands of slaty quartzite. 
The overlying of paler Krol sandstones on black Infra-ICrols is well 
seen on the spurs south of Krol Hill and north-west of Rajgarh Hill. 
From a distance the dark carbonaceous bods shine in a striking 
manner in the reflected light of an afternoon sim. 

The banded facies of dark shale and paler impure quartzite 
weathers on hill sides to a very characteristic association of thin, 
bulbous, sheeny, gritty clay-slate, often green in colour, and concentric 
ring-bleached slates. The latter are ramified with irregular joints, 
now marked out by harder ridges as a result of liberation of iron and 
its precipitation as ferric hydroxide cement. On account of strong 
small-scale folding and recent cementation, these two rock types 
usually occur together in complete chaos. The commonness of iron 
in the Infra-Krols is seen in the universal seepages of ferric hydroxide, 
and white incrustations of ferric sulphate and chloride, which cover 
the surfaces of these rocks. The parent mineral must have been 
pyrites. 

The Infra-Krols show great variation in the extent of metamor- 
phism. In the Solan neighbourhood shales predominate, though 
at the closing end of the Kjol syncline, in the lower Blaini river, 
the shales become true slates, with cleavage dip to the north-east. 
The intervening harder bands do not cleave. East of Dadahu the 
Infra-Krols are universally cleaved, while northwards, north of Soat 
and on Juin and Ohandpur Hills, some of the beds turn into pearly 
phyllites and even become schistose. In these places they are ramified 
by veins of quartz. Their identification with the Infra-Krols is told 
by their ocourrenoe between the Blaini and Lower Krol limestones, 
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which also show a concomitant increase in metamoiphism, and is 
supported by the presence of ring-bleached slates of more normal Infra- 
Krol type. East of Dadahu cleavage varies in dip from 36“ to 70°, 
and in dip direction from N. N. W. to N. N. E. The minimum 
thickness of the Infra-Ejol rooks is about 500 feet, but no reliable 
estimate is possible. 


Microscopical. 

The cleaved slates consist of a poikiloblastic mixture of sericite and quarts 
with sericite up to 0*036 mm. in length. Pyrites is abundant (22006). The assoc- 
iated slaty quartzites, or gritty clay-slates, are frequently calcareous and 
show a reformed moss of quartz, carbonate, sericite, pyrites. Some of these tougher 
bands resemble the sandy limestone or calcareous sandstone facies of the Blaini 
(22004). Increase in alteration is told by the greater size of the sericite laths. Slice 
22000 is a reformed mixture of chlorite, sericite and quartz, with considerable 
quantities of carbonate and pyrites. The chlorite and sericite may occur together 
in a single crystal in alternate layers parallel to the basal plane. In all these rocks, 
there is a large quantity of carbonaceous dirt. 


Krol Sandstone. 

In the Solon neighbourhood, the Krol sandstone is generally seen 
as a soft crumbling sandstone, without good bedding and stained an 
orange colour with iron. Excellent exposures are found along the 
Kalka-Simla motor road, at the foot of Pachmunda Hill and at 
Salogra. North of Krol Hill, near Kandaghat, and in the nala which 
flows from Solon to join the 6iri river, the sandstone is a hard quartz*^ 
ite in which bedding is well displayed. A conspicuous feature is 
the presence of bands rich in disc-like fragments of black shale, seldom 
over 2 mm. thick but up to 6 cm. long. These shale fragments readily 
bleach, and are almost certainly derived from peliecontemporaneous 
erosion of the underlying Infra-Krols. Towards the south-east the 
sandstone ceases to be a single horizon, but splits up and becomes 
strongly interbedded with carbonaceous shale. Such interbanding 
may be seen in the Kawal Khal and at Ajga. Still further to the 
south-east, the intervening shale bands tend to disappear and, besides 
the quartzites with shale discs, there are coarser lenticular pebbly 
bods. The sandstone is S60 feet thick on the south face of Krol 
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Hill aboye Baran, 50 feet in the sonth-east oorner of sheet 53 F/1, 
two feet in the Giri river at Dadahu, and dicHi out on the weeterii 
side of hill 3,610 feet. 

In the tightly squeezed Krol syncline in the Kawal Ehal, the 
sandstone becomes a homy quartzite, strongly veined with quarts. 
At Kadhar, below a local thrust, it has been hi^ly polished by 
friction and has been broken down (22010). 

Mr. Wadia^ has suggested that some of the Krol sandstone may be 
a metasomatised limestone. The microscopical evidence is against 
this supposition, since it is difficult to see how any replacement of 
lime by silica would result in such a striking grain structure as is 
shown by these sandstones. Had there been replacement, one 
would have expected an irregular mosaic erf quartz and chalcedony. 
The only mosaic that has been observed is that in the crushed rock 
from Kadhar, where there is no question as to its mode of origiiL, 
The crumbling variety of the sandstone may probably be explained 
by de^ilicification, and loss of the silica cement. 


Mic^roscopic^l. 

The most striking feature of the Krol sandeteae in the neighbourhood of f^olon 
is the degree of rounding of the grains. In very fine varieties, such as 19188, in 
which the majdmuzn grain size is 0*15 mm., the grains are all aagulof. The re- 
mainder of the rock sections show exoeiJent rounding in grains of 0-30 and 0*25 
mm. in diameter. In two slices (19183, 19186), the rounding is well displayed in 
gTEona of 0*20 and 0-17 mm. diameter. There is generally a strong silica cement 
(19186, 19184). 

In the sheafed sandstone from Kadhar (22010) are seem reins of crushed roek 
which are now a reorystalliaed mosase of quartz amd from which the elastie structure 
has been quite lost. There are intense sixain shadows, and an increase in bire- 
fringence of the chlorite envelopes to the grains. This crushing is local, since in the 
some slice may be seen less crushed grains, 0*20 mm. in diameter, in which the 
roundhig has not been obliterated. 

The roundmg of the grams is almost oertaizdy due to wind action, smoo 
0*39 nun. appears to be the aiiniiBum possible ^ameter for rotwiding eauaod 
by attrition in water.* 

» Kec. Oeol Surv, Ind,, LXV, p. 128, (1931). 

‘Bailey, QecL p. 106,(1924). Twemhofeb * Treatise om Sedhnentatimf \ 

pp. 166-170, P926), cites experiments by Galloway ia which the lower effective limit of 
aDraaiOn in Water is eonsiderably less than 0-30 mm., particularly for soft minerals. 
Howwrer, ths pcBoemtage of weil-rounded gmkiB ^ hard qmarlz ia the Krol sandftonieo 
is over «). and the d^uction given above is probably valid* The roundui|[^ was 
to wind, imt the sandstones were Water-deposited. 
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Krot Limestones. 

In this division of the Krol series is a great variety of limestonee 
and shales. In the Solan area, Oldham divided the Krol limestones 
into three sub-stages : — 

Upper Krol limestone, 

Bed Shales, 

Lowcnr Krol limestone. 

BefrWneeH longitudes 77° and 77° 26', it has been found possible to 
subdivide the Upper Krol limestone into three sub-stages, so that 
in all five Sub-Stages Have been mapped in order the better to bring 
out the stnicture of the belt. For the most part, differentiation has 
been relatively easy. In places, however, on account of a basic 
similarity shown by some of the limestones in the three Upper sub- 
stages, and owing to the intense folding which the eye can see to 
have taken plaee, aside from what is evinced by the mapping itself, 
differentiation has been more uncertain. This applies chiefly to 
squares A 1 and B 1 in sheet 63 F/6. East of 77° 25', the original 
three divisions made by Oldham in the Solon area haVe been 
adhered to, although locally, especially near Mishwa, it Would have 
been possible to defineate all five. Here, however, no useful purpose 
would have been served by subdividing the Upper Krol Hmestone, 
since the oVerlying Tal beds have prevented the Krols folding 
individually. Tals, Krol limestoiKis, Infra-Krols and Blaini fold 
as a single unit. The combined thickness of the Krol limestones 
varies from about 1,800 feet to nearly 4,000 foeft. 


Krol A {Lower Krei limestone). 

In the area round Solouy this stage is mado up of limestones and 
fiduklos, ia bods from one to four inches thick. Weathered surfaces 
show sabdfwed grey-green tints. Fresh fractures are bluer. The 
liraestones are seldom crystaUHie. In coa^ositzon these beds show 
rapid a^mataons of shafy limestone md eakareoiK idiale or slate ; 
either in paraBel beds (Plate 21, fig. 1), or as dtscontinHoas, in-weather- 
iag, kntimlar pillows of IknesiOBc surrounded by caloareous shale (soasM 
are seen in* Plate 22). Near Solon^ at the top of the stagey is a 
more msaive 20-60^foot hmeatoney wlridi is frequen^ dokmitised. 

Small-scale current-bedding is often seen (39’800), and in a few 
places, rippio-markB'. Near Kothr and l^fcdhag, ikte npplm have been 
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accentuated by subsequent oompieesion.^^Disoontinuous structures, 
once formed, appear to have acted as avenues of relief to later stress. 
The strike of these ripples is 120‘’-300“. 

Fracture cleavage is universal. The oaloareous shales, thus 
cleaved, may be seen lying about the hill-sides as pencils and needles. 
Towards the east, the shale facies begins to show true oblique cleav- 
age. Between Dadahu and the Tons river, the Krol A stage is recog- 
nised by the presence of banded grey and green slates (41’91), while 
northwards, near MiUa and Mangfd, the slates beconoe puckered, 
veined with quartz, and almost phyllitic. The puckering at Milk 
is parallel to 130°-310°. In the east, distortion of the beds and 
lenticles of purer limestone becomes marked (Fig. 7 and Plate 22). 

Black chert is common as thin bands, or in pillows up to nine 
inches long and three in height. At latitude 30° 33' 22" : longitude 
77° 44' 61", gypsum, with subordinate anhydrite, was found in a 
bed, 18 inches thick and 20 yards long, which appears to be an 
original deposit in the Lower Krol limestone. 

In the Solon area, the apparent variation in thickness of these 
limestones is from 100 feet in parts of the south-west flank of the 
Belt, to some 2,300 feet, one mile south-east of 6,066 feet hill. The 
former thickness is due partly to reduction by thrust elimination, and 
the latter thickness to thrust multiphcation. The real thickness 
probably varies from 300 feet on Pachmunda Hill to 700 feet on 
hill 6,066 feet. Within the area included by the maps, there seems 
to be no great variation, but further south-east, by Mussoorie and in 
Garhwal, these beds appear to become much thinner. 

Krol B (red shales). 

This sub-stage is characterised by soft, thinly laminated, purple- 
red shales, with blotches and intercalations of green shale. T hin 
dolomitic and cherty limestones are common. Hippie-marks are 
sometimes seen. Near the top of this division are parallel-bedded, 
shaly limestones similar to those in the Lower Krol limestone. The 
shales of this sub-stage are very incompetent; bedding is seldom 
preserved and their thickness is variable, owing to internal packing 
in the cores of folds and attenuation along the limbs. Slaty cleavage 
is never developed. Adjustment to stress takes place along countless 

* fiegisteied negstivea (9x 12 om.) Mo*. 298, 299. Book apeoimen Mo. 43*748. 
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irregular slip surfaces, in the greener shales, with formation of chloritio 
minerals. The maidmum undisturbed thickness of these shales is 
about 300 feet. 


Krol C. 

This is the most conspicuous limestone on the hills round Solon, 
occurring in a single cUfE from 160 to 300 feet in height. It is 
a massive, dark-blue, crystalline limestone, which usually stinks 
on fracture, and weathers to black ‘ chopping-board ’ surfaces. 
Dolomitisation is often seen. 

Krol D (chert, limestone ard shale svb-stage). 

In tLLs sub-stage are alternations of cherty limestones and shales, 
with shale usually in excess of limestone. The limestones are either 
pale or dark and stinking, in beds from ten to 30 feet thick. The 
chert is pale and occurs as thin wisps and in continuous bands up to 
two inches thick. The shales are of black, red, green and orange 
colours, the darker varieties often bleaching in a manner similar to 
those of the Infra Krols. Rare conglomerates occur, with pebbles 
of vein-quartz and of chert. Soft white sandstones are often found. 
Some of the limestones are penecontomporaneous breccias. The 
rocks of this sub-stage may be recognised on the terraced south face 
of Kjol Hill, above the cliffs of the &ol C limestone, but their most 
characteristic development is between Bhaunrari and Mangarh, 
whore the limestones readily twist into small scale overfolds in the 
great excess of shale (Plate 19). Gypsum was found as pockets 
replacing limestone near Bhaunrari. The minimum thickness of 
this sub-stage south-east of Narag is about 600 feet. 

Krol E. 

The rocks of this division afford rugged scenery, since they are 
seldom seen below 4,000 feet. Bedding is well developed, from one 
to five feet. The main rock type is a banded grey and pale cream- 
white microcrystalline limestone. Freshly fractured surfaces of the 
paler varieties are white and porcellanous. Thin crinkled veins of 
calcite are common in the form of ‘ sutures which stand out slightly 
on a weathered surface. These limestones pass by increase of grain- 
quartz first to pale sandy limestones, in which the quartz grains 
stick out as small millet seeds, and finally to pale calcareous sand- 
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gkme§^ Mate mm Are saccliiifoidal crjBtaHiDe limestones lind Inream- 
whito limestoiios showing tubular and ellipsoidal growths of oakite, 
radial to cores of calcareous mud. These growths are deceptiTelr 
like corals. Eed, orange and black shales are present, but are subord- 
inate in amount to the limestones. The minimum thickness of 
this sub-stage is about 500 feet. Between Mishwa and Dugana, 
the combined thickness of the C, D and E sub-stages is of the order 
of 3,000 feet. 


Microscopical. 

The Krol A limestones are very fine-grained and show clusters of carbonate 
in an almost Uotfepic matrix (22tol2) with quartz, sericito and pyrites (22013). In 
the more horny and siliceous varieties, carbonate is rare and sericite and quartz 
Occur fn at fiUe-gritined to cryptocrystalline pulp (22014). 

The limestoUes of KrOl C and D are purer, showing simple mosaics. Stress 
results in idioblasts of coarsely crystalline ealcite, from the size of a pin-head to 
nodules 2*5 cm. long, embedded in finer limestone (22018, 22019). Some of the 
cherty limestones show carbonate crystals embedded in cryptocrystallmo silica. 

The Krol E limestones are more interesting. Those that were sliced were 
chfeirty sandy IhnestoneB. The sand grains are both angular awi rounded, being 
fe^d Up to 2 mm. in diameter. Pefiets of oalcareous mud are common (22020). 
The grains of quartz have been corroded and replaced by carbonate which occurs 
£ur ingrowths obliterating former edges (22024). In 22027, microcliUe appears 
similarly to have been replaced. In the saccarhoidal limestones, quartz and cafeito 
have crystallised out side by side, with the quartz showing good hexagonal sections 
(212026). Eepiaceriient e! quartz by ealcitc should result in an increase in vohime, 
since thte moleoular ^ohimes of the two are respectively 22*07 and 86*86. No sign 
of strain dtte to expansion is seen, which is probably to be explained by the capacity 
for flow, lather than fracture, of limestone. Tourmaline is a common detrital 
mineral, particularly in the limestones round Mishwa (22027). 


Tals, 

These beds occur in two synclinal basins completely surrounded 
W Krols. When fitst encoWftered in 1930, the upper stetge of the 
Tals was regarded ds Jadnsat and the lower stage as Infra-Krol, 
tiater they i^cre considered to be a completely new serifes, lying 
normally at)ovo the Kfols, and to be equivalent to the Tal beds 
(fescrlbed by Middlcmiss in (Jarhwal.* This conclusion has been 
donftneaed, ^^th as much certainty as is possiblo in correlating between 
Ibo&s of isolated badns. 


* Qedf. 8vn). lU., XX, f. », (1867). 
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Medlkott^ noticed beds belonging to tbe upper stage of these Tals 
on what was then called ‘ Kerloe ’ peak. This peak is in approx- 
imately the position of Giltu ka Ebba, hill 7,006 feet (30^ 40' : 77^ 
29'). He was mistaken in correlating them with the Krols, and ii^ 
underestimating their thickness. 

He scenic changes from the nigged cream-white limestones of 
the Krol B stage, to the soft dark shales and graywackes of the 
Lower Tals, and from these to the pale olifE-forming Upper Tal 
quartzites, are very striking. 


Upper Tals 


X^Q^er 


Sequence of Tal bed^. 

^Dark l^iiios^oxiee aa4 oaloaroous ; quartzites • 

shales. 

Massive arkosio sandstones or quartzites; pebble beds; 
shales. 

^Alternating quartzites, often pebbly, with shale or slate. 

"Micaceous shales or slates with a few quartzites. 

Thick series of carbonaoeous shales and dark graywackes, 
.< in ^passive beds marked out by finer banding and 
current-bedding. These pass laterally to tough slates 
and phyllites. 

^Blaok chert beds apd carbonaceous shales or slates. 


The beds of the Lower TaLs, partioulprly when coftvprtod 
slates, are often very similar to those in the Infra-Krols. When 
uncleaved, they are usually to be distinguished by their more massive 
bedding, aild by the abundance of dark graywacke, both fea,ture« 
being absent from the Ipfra-Krols. The carbonaceous shalea readily 
bleach, but generally as a uniformly weathering crust, and not in 
rings as in the case of the ^nfra-Krols. Many of the graywackes are 
strongly calcareous. Ripple-marks are sometimes seen. In the 
western basin, the Lower Tals vary from about 1,800 feet in the 
west to 3,600 feet in the east. In the eastern basin, they probably 
do not exceed 2,000 feet. 

Quartzites form the most characteristic member of the Upper 
Tals (Plate 18). They are generally arkosic, and vary in colour from 
white to pale green. Occasionally there are found purple sandstones 
(7,216 feet peak). Current-bedding is universal and ripple-marks are 
oommoD. Many of the sandstones are pebbly, contaiaing pebbles 
of vein-quartz, green slate and pink feldspar, which is abundant 
and sometimes up to 10 mm. long. Pebbles of feldspar are not 
seen so often in the eastern of the two basins, though arkosic sand- 
stones are common there. 


l Mm* Q^* JtuZ., Ill, p. 45, (1S64), 
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Interbedded with the Upper Tal quartzites are purple, red, and 
green micaceous shales. Some of these are striking in their irregular 
vermicular tubes and nodules of pale sandstone. These shales were 
probably sub-aerially exposed, the tumed-up edges of sun-oraoked 
mud burning filled in with later washings of sand. Near Gubsar, 
where the Tals have been tilted vertically in proximity to the Guma 
thrust, shales have been converted to puckered phyllites. Clay- 
slates are common in the northern part of the western basin. 

The limestones are always dark, sandy and current-bodded. No 
fossils have been found. Soft sandy limestone may be seen to lie on 
hard, highly jointed quartzite (Plate 23). 

The thickness of the Upper Tals, in the eastern basin, when not 
reduced by thrust faulting, is about 2,000 feet. In the western 
basin, it is probably, greater since the sandy limestones at the top 
are there preserved. 

Allusion has been made to the similarity between the Lower 
Tals and the In£ra-£jrols, and between the Upper Tals and the 
Jaunsars. Differentiation between the Infra-Krols and Lower Tals 
is chiefly megascopic. The differences between the quartzites of the 
Jaunsars and the Upper Tals are as follows : — 


Tourmaline 

Plagioolase 

Mioroolino 

Strain features 


Megascopic appearance 


Jaunsar qnartzites. Upper Tal quartzites. 

Rich .... Not nearly so rich. 

Rich .... Poor. 

Poor, except in Nag that Rich, 

stage. 

Strong, and marked by iSometimes strong, and 
frittering along grain marked by now quartz 

edges, ending with mosaics. (^uartz-sohist 

schistose structures. never seen. 

Generally dirty quartzites Generally whiter, less 

which may show intense homy and not so markedly 

ramification by veins of permeated by quartz, 
quartz. Frequently 
Bohistose. 


The shales and clay-slates of the Upper Tals lack the phyllitio 
and tough slaty condition usual to the Jaunsars. Phyllites in the 
Tals are rare. In manner of origin, it is probable that some of the 
Jaunsars and Upper Tals were formed under almost identical delto- 
continental conditions. 


Microscopicah 

Carbonate is present in all the massive graywaokes. No ferromagnesian 
minerals, like augite or hornblende, have been found, such as are properly required 
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by the definition of those rooks, but the abundance of ohlorite suggests formation 
from minerals derived from basio rooks. Biotite is common, but less so than white 
mica. The main part of the rooks consist of reconstructed quartz-chlorite -carbonate 
and quartz-sericite- carbonate. Chlorite occurs as laths, in hexagonal plates and in 
bundles (22034). Plagioclase may be oommon (22033). Some of the graywaokes 
may be tuffs. 

The grain-size of the Tal quartzites averages 0-50 mm. Most of the sections 
show abundant microcline (22039, 22041). Plagioclase is not common. Tourm- 
aline is a frequent accessary (22038). Chlorite may occur as envelopes to the grains 
(22036). Clastic structures may be partly or almost wholly obliterated on account 
of recrystallisation, first as small-scale mosaics along the edges of grains, and finally, 
after passing through a stage of heavy strain shadows (22041), to a coarser inter- 
penetration mosaic throughout the grain (22038). Bundles of sericite are formed. 

In the arkose from the Qubsar locality, the clastic structure is still clearly dis- 
cernible, particularly in ordinary light, but the strain shadows are severe and there 
has been incipient recrjrstallisation (22032). The associated puckered phyllite 
(22031) shows cleavage oblique to the bedding, and rotation of quartz grains in a 
gritty band. Abundant new mica has formed paraUel to the cleavage, coalescing 
in directions perpendicular thereto. 


Tertiaries, 

It is not necessary to go into detail about the Tertiary rocks. 

The Subathus consist of olive-green and purple, oily-looking 
shales, ramified with minute irregular joints, and by planes of move- 
Subathus Daent which are often filled in by caloite. 

There are also green and white sandstones, 
iron-stained quartzites, and rare ripple-marked shaly sandstones. 
Shelly limestones and unfossiliferous sheared limestones, full of 
veins of calcite, are common. Well-preserved fossils are rare, the 
shelly limestones being made up mostly of broken oysters. Nummu- 
lites are seldom seen. Two characteristic facies, of linaited distribut- 
ion, are a ferruginous pisolitic laterite and carbonaceous bed, one 
specimen of which contains over 60 per cent, of carbon. Very 
occasionally, conglomerates made up of fragments of pale micro- 
crystalline limestone, set in calcareous sandy mud, are found. The 
provenance of the limestone fragments is not knowu. They do not 
match any seen in the E^rol series, nor those in the Subathu rocks 
themselves. 

Near Stalka, along the E^wal Khal, and east of Dadahu, occurs 
an abnormal metamorphic facies of the Subathus. The purple and 
green shales become phyllitised and veined with quartz, while the 
carbonaceous shales are converted to dirty bleaching slates, exactly 
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similar to those in the Infra-Krols. Greenstones are locally common 
east of Dadahu. A band of massive limestone, thicker than is usually 
found iu the Subathus, is strongly developed near Sataun, 

In the Kasauli neighbourhood, Cob Christophers has shown me 
a well-defined, white, quartzitic sandstone which intervenes between 
the Dagshais and the Subathus, and is a useful 
* * * * mapping horizon. The Dagshais proper con- 

sist of alternations of purple, cindery, sandy shales and pu^e or green 
sandstones, in beds up to 15 feet thick, The effect of these alters 
nations on the scenery between Dagshai and Subathu is very striking. 

Ourrent-bedding and ripple-marks are common. Conglomerates 
occm*, containing the same type of limestone fragments as are found 
in the Subathu conglomerates, and also red shale derived from con^ 
temporaneoua erosion, Between Dagshai and Subathu, these beds 
are 2,000 feet thick. 

The Kasauli beds differ from the Dagshais in their general lack 
of purple colour, and in the predominance of sandstone over shale. 
Kasaulls shales are less cindery, and greener. They 

may be either soft, or hardened to clay-slato. 
Some contain fragments of palm leaves. The sandstones are massive 
and generally hard. 

The Nahanp show the same regular alternation of sandstone 
and shale. The sandstones are massive, soft, green-brown in colour, 
Nal^ans rudely jointed, and coarsely current-bedded. 

The clays are chocolate and green in colour, 
and usually concretionary. Both sandstones and clays are streaked 
with purple. 


Mioroacopical. 

Tho Subathu sandstones are often calcareous, «^nd owe their greenish colour 
to chlorite. Glauconite is fairly common (22042). The phyllitised Subathu shales 
show new ehlorite aasoeiated with reinlets of quarts (22044). 

The Dagshai sandstones are seldom oaleareonB. They eemtain fragmenta of 
pbylUte, oarlxmaceous slate (Infra Krol or Subathn rare limesteme and Subathn- 
like sandstones. Minerals include tourmaline, garnet, plagioolase, kyanite, 
zircon and derived glauconite. They give the appearance of initial loose packing 
of phyllite and slate fragments with sand, and subsequent compression, with 
splayingvowt of phyllite to 3 rield new matrix (21051, 22040). 

Garnat is oevamon in the Kasauli eandstonee (19290, 219ilb 

The Kahan beds (including Pilgrim’s division of Sntlej h&da, nortih-weat of 
Snbathu) are of interest ip the frequent presence of fragments of volcanic rock 
(21946, 21945, 21948, 21947). These appear to be glassy andesites and basalts, the 
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latter largely chloritiscd. They differ from the greenstones found intrusive in the 
Subathus and Nahans cast of Dadahu. Garnet, tourmaiino, plagioclaso, mieroclinc, 
glauconite, and fragments of phyUite, carbonaceous, slate and limestone arc 
common. Carbonate becomes an important constituent, in many of the Sutlej 
eandstones being over 10 per cent, of the rock. 


Dolerites and Allied Rocks. 

Basic hypabyssal rocks have been found in the following form- 
ations : — Jaunsars, Infra-Krol, the A, B, D divisions of the Krol 
limestones, the Subathus and the Nahans. 

The dolerites in the pre-Tertiary rocks are occasionally found 
fresh and not sheared, but more usually arc sheared and may even 
be converted to chlorite-schists. Most of the specimens arc green 
with patches of white representing saussuritised feldspars. 

The basic rocks in the Tertiaries are now greenstones. Shearing, 
and perhaps hydrothermal action, has been intense. No schists 
have been produced ; instead there are iimumerable irregular slip 
surfaces, so closely packed that it is impossible to obtain a good 
hand-specimen. 


Microscopical, 

Under the microscope the pre-Tertiary dolerites (22040-22057) are seen to 
contain r — magnetite or pyrites, apatite, augitc, biotite, plagioclase feldspar, quartz, 
and alteration products. 

Plagioclase is always in excess of pyroxene. Biotite is a common constituent. 
A graphic intergrowth of the later crystallised plagioclase with quartz is generally 
present. 

The pyroxene is augite. Under stress it changes variously to antigorite, 
chrysotile, uralite and chlorite. 

The biotite is usually associated with magnetite and chlorite. 

The plagioclase is always zoned and varies in composition from oligoclaee to 
andesine. It is generally badly saussuritised. 

Quartz is common, both in individual crystals and in graphic intergrowth 
with plagioclase. 

Carbonate is frequently found, resulting from the liberation of calcium on the 
break-down of augite and plagioclase. 

These rocks range from quartz-oligoclase-dolerites to quartz- 
andesine-dolerites. They may be called comprehensively 
hucophyres. 

The dolerites in the Tertiaries (22068, 2206f‘, 22060) may belong to the same 
suite as those just described, though they show a greater quantity of feldspar and 

t> 
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quartz. The intergrowth of these two minerals is more involved^ approaching 
mior(q)egmatite. The augite is very seldom preserved, leing represented by chlorite, 
uraiite, magnetite, pyrites and calcite. The feldspar laths are generally completely 
saussuritised. Carbonate is abundant. The relative freedom of the quai*tz- 
plagioclaee intergrowths from saussuritisation suggests that some of this may be of 
secondary origin, a hydrothermal effect more or less simultaneous with the move- 
ments which resulted in the break-down of the original dolerites. These rocks may 
also be called leucophyres. 


V. DIFFICULTIES OF CLASSIFICATION. 

A certain experienc^e of the rocks of the Krol Belt has impressed 
upon one the fact of striking similarities between rocks of different 
series. The series as given in the table of formations, and as shown 
on the map, represent the outcome of weighing-out evidence of 
similarity and dissimilarity, and of studying sections in localities 
where the rocks have not been excessively disturbed. Once estab- 
lished, either in the text or on the map, the dissimilarities which 
led to the ultimate differentiation of the rocks tend, perhaps, to 
obscure the similarities which also exist. Given more or less complete 
sections, or given continuity along the strike, there is generally 
little difficulty in adjudicating the importance of similarity or dis- 
similarity, even when characteristic rock groups are missing, since 
the position of the rocks with reference to other known stages, about 
which there is no question as to which series they belong, by itself 
yields information. In many places, however, thiusting and folding 
have been so severe that single stages occur in abnormal positions, 
and die out without anywhere showing, in their small oul^crops, 
characteristic rock facies of diagnostic value. In such circumstances, 
neither lithology nor position can assist in determining to which 
group they belong, and their assignation may be extremely difficult. 
As examples may be mentioned : — 

(1) The outcrops along the Giri river from Tikari to the con- 

fluence with the Jagar ka Khala, which are mapped as 
Infra-Krol. 

(2) The outcrops, 14 miles in length, from Chiyan to beyond 

Sataun, mapped as Infra-Krol. 

(3) The outcrops round Rajana, mapped as Lower Tab 

(4) The outcrops between heights 2,820 and 2,796 feet on the Giri 

river, where an arbitrary line has been drawn between 
the Simla slates and the Jaunsars, 
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Charaderistie fades of diagnostic value. 

Simla slater , — Chhaosa slates ; Domehr slates ; striking at Domehr, but un- 
typical at Kandaghat. 

Jaunaara . — Purple conglomerates with ‘ eggs ’ of vein-quartz ; very inconstant* 
Crinkled slate-blue phyllito, strongly interbanded with thin phyllitic quartzite. 
Massive, blue, crystalline, sandy limestone (Bansa limestone). 

Blaini , — In its normal position between Simla slates or Jaunsars, and Infra- 
Krol, is very striking ; but see Mandhali question, page 419. 

Infra-KroL — No single unique characteristic. 

Krol limestone, — Krol D : — some cherty limestones ; ol diagnostic value only 
in differentiating between the various Krol limestones ; 

Krol E : — cream-white porccllanous limestones ; 

Tlie sub-stages do not often occur singly and completely isolated in foreign 
rocks. Combination of characters and relative position is of great value. 

-Tals , — Nature of bedding in Lower Tals and microscopic characters (miorocline) 
in Upper Tals. 

Subathv^. — Olive-green and purple, oily-looking shales, with cuboidal jointing. 

Lithological characters common to more than one series. 

(1) Black, apparently carbonaceous, shales or slates, which readily bleach, and 

often contain pyrites ; — 

Simla slates, Mandhalis, Jaunsars, Blaini, Infra-Krol, Krol sandstone, 
Krol D, Subathus. 

(2) Banded, black and grey, ‘ varved ’ slates and gritty cl ay -slate : — 
Jaunsars, Blaini, Infra-Krol. 

(3) Purple phyllites : — 

Mandhalis, Nagthat stage, Subathu rocks locally sub-phyllitio. 

(4) Red shales : — 

Jaunsars, Blaini, Krol B (Tertiary red shales are more distinct). 

(5) Conglomerates and pebble beds 

Simla slates, Mandhalis, Jaunsars, Blaini, KrolT), Tals, Kubathns. 

(0) Boulder beds : — 

Mandhalis, Jaunsars, Blaini. 

(7) Arkoses : — 

Jaunsars, Tals. 

(8) White sandstones or quartzites : — 

Simla slates, Mandlialis, Jaunsais, Blaini, Infra Krol. Krol sandstone, 
Krol D, Krol E, Subathus. 

(9) (a) Leutioular limestones in calcareous shale or slate : — 

(b) Thin-bedded, blue, miorocrystalline limestones : — 

Mandhalis, Krol A. 

(10) Sandy limestones : — 

Mandhalis, Jaunsarsi Krol E, Tals. 

(11) Shelly limestones : — 

Tals, Subathus. 


P2 
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Sedimentation charaelere common to more than one series. 

(1) Ripplo-marks : — 

Simla slates, Jaunsars, Krol A, B, D, Tals, Subathus, Dagshais. 

(2) Current-bedding : — 

In the sandstones and quartzites of all the series. 

(3) Mud-cracks: — 

Jaunsars, Tals. 

It is evident that most of the series were deposited under shallow 
water, epicontinental, conditions. The Jaunsars and the Upper 
Tals were probably continental formations, deposited in piedmont 
and fluvial environments. 


VI. REPETITION. CURRENT-BEDDINQ AND INVERSION. 

It has been seen that the resemblance between facies members 
in what have ultimately been regarded as different rock series is often 
striking. In the field it has led to uncertainty in mapping, since 
similarity might bo due to two causes : — 

(1) Repetition in the course of time of similar sedimentary 

conditions ; the existence, therefore, of distinct sediment- 
ary series. 

(2) Repetition of a single series by tectonic movements — 

(а) by thrusting ; 

(б) by overfolding, with inversion. 

When the beds which are now regarded as Upper and Lower Tals 
were first encoimtered in the Nigali syncline, I took them to be 
respectively Jaunsars and Infra-Krols. On this interpretation, 
supposed Jaunsars overlay supposed Infra-Krols and these, in turn, 
rested on Krol limestones. Close by, known Jaunsars had been 
found normally to imderlie known Infra-Krols (with the Blaini 
intervening). The thought, in fact the hope, presented itself that 
a great overfold had been found, causing the repetition, in inverted 
order, of Jaunsars and Infra-Krols above the Krol limestones. 


Correct auoceesion, 
Uppf*r Tals 
Lower Tals 
Krol limestones . 
Infra-Krols 
Blaini 

Jaunsars . 


Possible succession, 
, Inverted Jaunsars. 

. Inverted Infra-Krols, 

. Krol limestones. 

. Infra- Enrols. 

. Blaini. 

. Jaunsars. 
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To decide if this were so, the current-bedding surfaces of the 

Current beddin quartzites which are now regarded as Upper Tals, 
” ^ and of those in the true Jaunsars, were examined. 

The principle involved is that in undisturbed areas, the current- 
bedding surfaces face concavely upwards. If cases are found in 
which the current-bedding surfaces face convexly upwards, it may 
be assumed that the beds in question are inverted. 

Cloos^ appears to have been the first to use this method, while 
it has been employed with considerable success by Prof. Bailey 
and others in Scotland.^ 

Cases are foimd in which the current-bedding occurs as plane- 
surfaces, oblique at a constant angle to the true bedding. Other 
cases are seen in which the curves of current-bedding are inflected, 
and asymptotic both towards the lop and bottom of the bed of 
sandstone. These are rare, and are of no use in demonstrating 
inversion, inflected forms have occasionally been seen in the Siwalik 
sandstones, and in the sandy Bansa limestone of the Jaunsars, but 
they are very uncommon in comparison with the normal type of 
current-bedding surfaces which are truncated above, and asymptotic 
below. 

Prof. Boswell has been kind enough to write to me on this subject. 
He states that in experiments which he and Prof. Wilton have carried 
out on the deposition of sand of average diameter 1-lOOth of an inch 
(0*25 mm.) in glass-sided troughs, the following results were obtained : — 

(1) With moderate velocity, up to 1-2 feet per second, ripples 

of wave-length of about three inches were produced, and 
cuirent-bedding occurred of inflected form, asymptotic 
at the top and base. 

(2) With increased velocity, up to 1*6 feet per second, the tops 

of the ripples were eroded to a plane-surface, abruptly 
truncating the bedding. 

(3) With still higher velocities, larger ‘ whale-back ’ ripples were 

formed, of wave-length of ten or more inches, on the lee 
side of which the bedding, although asymptotic at the 
top of the mounds, abutted abruptly on to the floor of 
the underlying material. 

The commonest type found in sedimentary rocks corresponds 
to that in section (2) ; that of section (1) has been seen, but is not 


i Zeildcir. /. prakt. Oeol., p. 340, (1014). 
* OtoL Mag,, p. 68-92, (1930). 
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common ; that of section (8) I hare not seen. In the Kaininr rocks 
of the Vindhyan plateau, current-bedding is universal, and is always 
of type (2). Contradictory cases, in which the current-bedding 
is convex upwards, do occur in sedimentary rocks, and are ascribed 
by Prof. Boswell to exceptionally high velocities of transport. 

It is agreed that, given a large enough number of cases, and 
neglecting those that are ambiguous, it is possible to use the dispos- 
ition of current-bedding as a means of determining whether inversion 
has taken place. 

When applied to the Tal quartzites of the Nigali syncKne (Plato 23) 
and to the Jaunsars of the cliffs overlooking the Tons river, it was 
found that both sets of quartzites were in a normal, uninvertod 
condition. It was impossible, therefore, to suppose that the Upper 
and Lower Tals were inverted Jaunsars and Infra-Krols in the middle 
limb of a recumbent fold. Tne alternative explanations were either 
that thrusts had brought uninverted Jaunsars and Infra-Krols on to 
KroJs, or that the rocks in question belonged to a later series than 
the Krols, in normal order above them. A wider experience of the 
rocks above the Krols showed that the two divisions graded 
into each other, l^y the increase upwards in niunbcr of quartzitic 
bands. The change in lithology is so gradual that it was impossible 
to map the boundary between the two divisions within a range 
smaller than 200 feet. 

Further, no sign of Blaini bods has ever been seen between the 
two divisions. The Blaini is, it is true, sometimes eliminated from 
the normal Jaunsar-Blaini-lnfra-Krol succession, but never extens- 
ively so. If thrusts had brought Infra-Krols over Krol limestones, 
and Jaunsars over both series, it would be very surprising that the 
Blaini, which normally intervenes, should never bo seen incorporated 
in the thrust masses. 

These facts, together with the lithological differences enumerated 
on page seem sufficient to warrant the belief that the beds over- 
lying the Krol limestones Woi^ to a later series. The occurrence 
in Gajhwal of Tal quartzites overlying massive limestones, similar 
to the Upper Krol limestones, is enough to clinch the matter, because 
in Garhwal there is not the same difficulty of the existence of an 
underlying, highly quartzitic series with which the Tal series could 
be confused. 

The disposition of current-bedding has further shown that the 
Simla slates in the Gambhar river to the south-west of Siiola, the 
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Jaiinsars north of the Giri river (east of Dadahu), and the Jaunsars 
north of Kando, are in a normal, uninvcrted order. 

Inversions in which strata have been folded through 120®, are 
fairly common, especially along the north face of Kamli Dhar. These 
have come to light as a result of mapping, since the stages concerned 
do not contain current-bedded sandstones. Further, minor flat 
folds are often seen from a distance in the limestone bands of the 
Krol D stage, but these occur on a small scale in rocks, which, taken 
as a unit, are in normal order (Plate 19). 

As applied to the Krol Belt, the examination of current-bedding 
has been of most use in deciding whether or not the great outcrops 
of quartzites of the Tal, Jaunsar and Simla series have been com- 
pletely inverted in large-scale recumbent folds. 

The general structure of the Krol Belt is clearly one of uninverted, 
or only slightly overturned, sequences, which have been brought 
forward by thrusts, and not of recumbent folds. 


VII. ORIGINAL SPATIAL RELATIONSHIPS BETWEEN DIFF- 
ERENT SERIES. 

Simla Slates, Jaunsars, Blaini ( ? Mandhali). 

The sequence given by Pilgrim and West was in descending 
order ; — Blaini : Simla slates : Jaunsars. 

This was based on two main considerations : — 

(1) The Blaini was found most usually to overlie Simla slates. 

(2) The Jaunsars appeared to be more metamorphosed than 

the Simla slates and w(‘ie theje^oje jegarded as older than 
them.^ 

Between the Gambhar and Giri rivers, Jaunsars had been found to 
overlie Simla slates, usually with supposed Blaini intervening. The 
explanation given was that Jaunsars had been thrust into an abnormal 
position upon the Simla slates with their capping of Blaini. Any 
Infra-Krol slates and Krol limestones that might originally have 
overlain this Blaini, were thought to have been planed off from the 
Blaini and pushed south over the present belt of Krol rocks. 

Subsequently it has been found that over wide stretches of the 
Krol Belt, particularly in the east, Infra-Krol and Blaini lay directly 


1 pijgrim and West, op, cU,, p. 21. 
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upon Jaunsars. There was also evidence that the Jaunsars which 
overlay the Simla slates of 6,474 feet hill and Kandaghat, without the 
intervening boulder bed and limestone, might in reality be in a normal 
stratigraphical order upon them.^ It was therefore suggested that the 
correct sequence might be Blaini : Jaunsars : Simla slates. 

The greater general degree of metamorphism shown by the 
Jaunsars may be regarded as an accident of their lithological compos- 
ition and of their position with reference to zones of greater stress. 

This question is more complicated than was supposed in 1928. 
I had tended to ignore the usual occurrence of rocks resembling the 
Blaini between the Jaunsars and the Simla slates. 

In places where I had worked in 1928, the intervening sup} osod 
Blaini was absent. There was an apparent lithological gradation from 
Simla slates upwards into Jaunsars, as may be seen on the Kanda- 
ghat-Chail motor road near Sen], and along the Subathu-Kathlighat 
mule-track between distances of four and 4^ miles from Kathlighat. 
Purple slates and quartzites increase in importance in the Simla 
slates, until they are finally succeeded by more massive Jaunsar 
quartzites with associated green and purple beds. 

At the opposite, eastern, end of the Krol Belt, the Mandhali rocks, 
with boulder beds, pink limestones, and a complex association of 
conglomerates, quartzites, purple phyllitcs, bleaching slates and 
limestones, have recently been found to underlie Jaunsars and to 
occur above a series of sandstones, quartzites, shales and slates 
which are equivalent to the Simla slates. 

The nature of these Mandhalis is obscure. Oldham, Pilgrim 
and West all tentatively correlated them with the Blaini and Infra- 
Krol. If this be so, the Jaunsars must lie as a thrust mass upon 
Mandhalis, in a manner comparable to their thrust position inferred 
by Pilgrim and West on the Blaini in the Simla area. 

The question of the Mandhalis will be discussed in a later section 
(page 419). Here I shalP just state the view that the Mandhalis may 
be possibly a series which occurs normally at the base of the Jaun- 
sars. There may, in fact, be two distinct groups of boulder 
beds and limestones, hitherto both called Blaini, one at the base of 
the Jaunsars, between them and the Simla slates, called the 
Mandhalis, the other at the top of the Jaunsars, below the Infra- 
Erol, the Blaini eensu stricto. 


^ Rec. OeoL Surv. Ind., LXII, p. 106, (1929). 
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On this view, the whole outcrop of tlie so-called Blaini between 
Simla and south of Badgala which occurs between Simla slates and 

Jaunsars may be Mandhali. The Jaunsars in this case would bo 

in normal position upon the Mandhalis, without an intervening 
thrust. 

At Badgala Pilgrim and West (page 26) describe the occurrence 

of slates and a massive limestone which they suggest may be Iiifi^a- 
Krol and Krol. It is possible that these slates and limestone are 
really equivalent to those found in the Mandhalis of Kalsi. 

These authors also (puges 87, 88) describe a sequence of Blaini : 
Jaunsars : Simla slates at Piran and Pajal which was puzzling on 
the belief that the Jaunsars normally occurred below the Simla 
slates. Their suggested explanation (pages 118, 119) is that the 
Blaini lay upon an eroded overfold in which Jaunsars had been 
brought abnormally and inverted above Simla slates. If, as is 
here suggested, the correct sequence is 

Blaini, 

Jaunsars, 

Mandhalis, 

Simla slates, 

there would be no need to assume the existence of an ovcrfold. But 
the difficulty is not cleared, since on ihe south-west and north- 
east sides of the Mangred Khala, the sequences as mapped are 

South-west aide. North-east aide. 

Chails 

thrust 

Jaunsars. 

Bl^jni continuous outcrop Blaini 

Jaunsars 

Simla slates coMinuous outcrop Simla slates 

The explanation that I would offer is that the Blaini on both 
sides of the Mangred Khala is really Mandhali, and that the Jaunsars 
that are mapped between it and the Simla slates on the north-east 
side of the river, are a local conglomeratic facies of the Mandhali, 
such as is often found in the Kalsi area, and by mile 33 on the 
Chakrata-Mussoorie mule-track. 

The relationship between Simla slates and Jaunsars along the 
Giri river from below Shaluman to Dadahu is little understood 
Between Mareog and Barog (not the Barog of the Kalka-Simla 
Railway), typical Chhaosa slates are developed. To the south# 
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east, the CSihaosa slates are no longer recognisable. Instead, 
there is seen a series of thin-bedded, tough, dark slates, often well 
cleaved, and sometimes ramified by veins, lenses and sills of quartz. 
One mile south-east of Narail, they have a typical Jaunsar as- 
]>e(5t, with purple and white, massive, ripple-marked quartzites, 
(Plate 21, fig. 2). By Siyun, the same slates are barren of quartz- 
ites, but contain sheared dolerites. In the Palor ka Khala, 
these Siyun slates pass upwards to undoubted Jaunsars, with 
conglomerates and purple phyllites. The slates at Siyun were 
mapped by Pilgrim and West as Simla slates, but they accord better 
with a Jaunsar designation. 

No boundary between the Jaunsar and Simla series was dis- 
cernible, though it must occur near the boulder beds and limestones 
which come down to the Giri river from Badgala. The slates have 
been mapped in sheets 53 F/5 and 6 as Jaunsars, and in 53 F/1 
as Simla slates. The boundary drawn at the junction of sheets 
53 F/1 and 5 is purely arbitrary. 

East of Dadahu the Jaunsars assume a great thickness and 
appear to consist of three stages, described on pages 3(’)8 to 371. Of 
these stages, that of Nagthat is most typical of the Jaunsars of the 
Simla area, but there is a horizon of conglomerates and grits in the 
Mandhalis that also resembles the Simla Jaunsars. The rocks 
at Chakrata are Simla slates, and are separated from the Jaunsars 
by the Tons thrust. The apparent sequence in the Chakrata 
area is 

Nagthat stage 

Chandpur stage . ^Jaunsars. 

Mandbali stage . . . . . . • • J 

— Tons thrust, 

Simla slates with occasional Nummulitics. 


Blaini on Jaunsars and Simla Slates. 

The nature uf the relation of the Blaini to the rocks whioh underlie 
it h complex. The following is a list of the main types of ooconenoe 
of Blaini which occur in normal succession hdow It^ra-Krol and 
Krd:— 

(1) Blaini on slates similar to Infra-Krol shies : 

(а) Middle reaches of the Blaini river. 

(б) SpuiB north-east and south-east of hill 4,96)0 feet. 
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(o) Kawal Khal, below height 3,241 feet. 

(d) Spurs between Jamthali and the Giri river. 

Ihoee slates should properly be mapped as Blaini but it 
would be impossible to separate them from the Inlra- 
Krol in places where the Blaini boulder beds or limestones 
are missing. 

(2) Blaini on Simla dates : 

(а) One mile cast of Solon. 

(б) fri the Kawal Kahl at Masria and Maroog. 

(3) Blaini on Jaunsars : 

(а) Along the lower reaches of the Blaini river. 

(б) Between Kerli and Shiwa Kalan, a distance of 22 miles. 

By rcgard'Hg the slates of Infra-Krol typo, which are associated 
with the Blaini, as belonging to the Blaini, no problem is involved 
as to their relation with the boulder beds and limestones. They 
may be considered simply as local intercalations of varved sedi- 
ments below and between tillites. 

Th(‘. problem becomes one of understanding the natun; of th<' 
occurniiicc of Blaini both on Simla slates and on Jaunsars. 

B(‘.dding discordance has nowhere been seen between the. Blaini 
and the underlying rocks. The unconformity that exists, oven 
though regionally considerable, is not of orogenic violence. 

The Blaini boulder beds are made up almost entirely of slates 
and quartzites derived from the Simla slates and Jaunsars, and 
clearly indicate extensive erosion of these formations. 

Proof of unconformity has come to light as a result of mapping 
the great syncline of Tals, Krol limestones, Infra Krols and Blaini 
which runs from Giltu ka Tibba (hill 7,005 fe(‘t), 

Uncouformhy. Handera Tibba (hill 6,458 feet). The Blaini 

on the northern limb of this synclino lies on a great thickness of 
Jaxmsars, of the order of 10,000 feet. The Blaini on the southern 
limb of the syncline rests on at most 2,000 feet (in both cases neglect- 
ing the Mandhalis). Some of this discrepant thickness is due to 
thrusts, since, in the eastern part of the southern limb of the syncline, 
Tals rest direct on Jaunsars, with Krols, Infra-Eiols and Blaini 
all cut out. In the west, however, the whole Tal-Blaini succession 
is present, only slightly complicated by minor thrusts, and the 
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Blaini Btill rests on a diminished thickness of the Jaunsars. It is 
the Chandpnr stage that is almost completely eliminated. 

Since the region from which the Chandpur stage was eroded 
appears to coincide with the southern limb of the present Tal- 
Blaini syncline, it follows that the original axis of uplift responsible 
for the erosion, must have been or less parallel to this limb. This 
implies that the axis had a Himalayan trend, in contrast to an 
Aravalli trend.^ Had there been an Aravalli N. E.-S. W. axis, 
it would have been impossible for the Jaunsars to be both attenuated 
by erosion, and fully preserved from erosion, along this single align- 
ment. 

In places where the Blaini rests directly on Simla slates, it may 
be assumed that the Jaunsars had been completely eroded away 
previous to the deposition of the Blaini. Such erosion must have 
been local, because, while Blaini rests on Simla slates along parts 
of the ELawal £hal, and near Solon, it is found on Jaunsars again 
further to the north-west, along the lower reaches of the Blaini 
valley. Further, across the Ashmi-Giri rivers to the north-east 
of Solon and the Kawal Khal, Jaunsars are found in a continuous 
and wide outcrop which runs without a break from the Gambhar 
river to south of Badgala. 

Accepting that the Mandhalis occur normally between the Jaun- 
sars and the Simla slates, it follows that an unconformity which 
brings Blaini, Infra-Krols and Krol limestones across the Jaunsars 
on to the Simla slates, must bring Blaini locally in contact with the 
Mandhalis. Such contact of Blaini with Mandhalis would lead 
to great difficulty of mapping, owing to the similarity between the 
two divisions. It is believed that this a 'priori case may be illustrated 
by outcrops between longitudes 77° 40' and 77° 49', along latitude 
30° 33'. 

The position may be summarised as follows, accepting here 
the viewpoint taken up later in the discussion on the Mandhalis. 

(1) There is at least a possibility that there are two distinct series of boulder 
beds and limestones, called Mandhalis and Blaini, in the following 
sequence : — 

Infra-ELrols, 

Blaini, 

Jaunsars, 

Mandhalis, 

Simla slates. 

^ page44d« 
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(2) The true Blaini, with overlying Infra-Krol slates and Krol limestones, 
reetfl with unconformity upon both the Jaunsars and the Simla slates. 
This unconformity is great, but in no section has bedding discordance 
been seen. The folds that led to erosion of the Jaunsars must have 
been gentle. It is probable that these folds had a Himalayan trend. 


Blaini and Infra-KroL 

As previously stated, slates of Infra-Krol typo are often intimate- 
ly associated with the Blaini limestones and boulder beds. 

In the simplest case, Blaini limestone appears to pass up gradual- 
ly, by increase of shale matter, into pink, greenish, and finally 
black shales of the Infra-Krols. 

The abundant bands of brown-weathering, calcareous, gritty clay- 
slate which occur in the Infra-Krol may be considered to bo small- 
scale repetitions of the Blaini limestone throughout the lower part 
of “the Infra-Krol succession. 


Infra-Krol, Krol Sandstone and Krol Limestones. 

The typical relations of the Infra-Krol to the succeeding stages 
are seen round Solon. Here the dark or black shales of the Infra- 
K^ols pass up through a transition zone of 100 feet or so to KjoI 
sandstone, and this in turn to more dark shales, before the green 
calcareous shales and thin-bedded limestones of the Krol A stage 
set in. Viewed from a distance, as towards the north-west ridges 
of Rajgarh Hill from Khanog Hill, the change from the black Infra- 
Krol shales to pale Krol sandstone appears abrupt. When examined 
at close quarters, the change is found to be gradual. 

The Krol sandstone has not been seen east of the western slopes 
of hill 3,619 feet, nor along the greater part of the north-east flank of 
the Krol Belt between the Kawal Khal and the Jagar ka Khala. 
It is only two feet thick in the Giri river half a mile north of 
Dadahu. 

When the sandstone is absent, passage from Infra-Krols to Kjol 
A limestones is shown by a gradual increase in the number of shaly 
limestone bands. Plate 21, fig. 1, shows the base of the Krol A 
limestones, where black shales alternate with shaly limestones 
and calcareous shales. 
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On account of the varied thickness of the Erol sandstone, 
Oldham ^ and Pilgrim and West® believed that the Krol limestones 
were unconformable to the Krol sandstone. 

This view in my opinion has little justification. Part of Old- 
ham’s argument in any case fails, because his objection that the 
adjacent quartzites in his Carbonaceous series are of far greater 
thickness than the Krol sandstone with which they were correlated, 
therefore indicating that considerable erosion of the Krol sandstone 
had taken place, no longer stands now that those quartzites have 
been found to belong to a much older Jutogh series. 

The intimate interbanding of shale and sandstone and the 
gradation from Infra-Krol, through Krol sandstone, to Krol A, 
do not warrant the belief that any bioak of sedimentary conditions 
occurred. A truer picture is obtained by regarding the Krol 
sandstone as a local sandy intercalation amongst the shales and 
shaly limestones. 

If there be unconformity at all, it should be between the Krol 
sandstone and the Infra-Kjcols, since discs of Infra-Krol shale are 
often found in the sandstone, and in one case a wash-out was observed 
at the top of the Infra-Kjols. These phenomena in my opinion 
prove little except that currents churned up some of the recently 
deposited black muds. 

Medlicott saw no reason for supposing the existence of an uncon- 
formity. With that view I am in agreement. 

Krol D. 

The existence in the Krol D stage of conglomerates and pebbly 
sandstones, together with limestone breccias, suggests a slight break 
in conditions of sedimentation. The break cannot have been 
important, because nowhere is there any evidence of erosion of 
the underlying stages of the Krols. The exact relations of these 
conglomerates to their contemporaneously deposited limestones is 
obscure. Folding near Mangarh has obliterated all the original 
sedimentary relationships. 

Krol Limestones and Tals. 

Over the greater part of the synclinal basins in which the Tala 
occur, Lower Tals rest on Upper Krol limestones. 
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South of Guma peak, Upper Krol limestones have been thrust 
directly on to Upper Tals. This is a tectonic relation. 

From south of Khur to Chiyaiira, the lower Tals rest on Infra- 
Krols. This is due probably to a combination of original uncon- 
formable overlap of Tals across the stages of the Krol limestones, 
and of later tectonic elimination. Middlemiss has shown that a 
slight unconformity exists between the Tal beds and the under- 
lying Massive (Krol) Limestone of Garhwal. 

No Tals have been seen on the Krol E limestones south-east 
of the Giri ri>rer, though Subathus occur there. Tals were probably 
never deposited south-west of the Giri river, since, in those places 
where they are now found on Krols, they appear to have exerted a 
protective influence on the underlying limestones and shales, pre- 
venting them from folding intricately amongst themselves. It 
is probable that the strongl}^ folded Krol limestones south-east of the 
Giri formed more elevated land during the period of Tal deposition, 
but were submerged below the sea at the end of the Mesozoic. 

Tals and Subathus. 

No case has been seen of Subathus resting on Tal beds. This 
is in contrast to the Garhwal area, where Middlemiss found the two 
series to be commonly associated. 

Krol Limestones and Subathus. 

Between Janot and Sainbar Hill, there is found a collection of 
black, brown, olive-green and purple, splintery shales, dirty pebbly 
quartzites and sandstones, and lenticular, blue, shelly limestones whuih 
are wedged in the Krol D and E limestones. 

At the hill one mile west and south-west of Bongli (hill 6,048 feet 
on the iwo-inch map-sheet 313 N. E.), the interbedding of lenticular 
shelly limestones and brown and green shales with the Krol E rooks 
is so parallel that the rocks were taken to be authentic foss- 
iliferous Krols. The occurrence of characteristic purple and olive- 
green cuboidal shales with similar limestones and brown shales at 
Bagar is strong indication, however, that the whole lot were 
Subathu. 

The fossils are rare and very badly preserved. They are all 
broken, and, like those in the Subathus, they give the impression of 
having been mostly oysters that had been current- or wave-tossed 
OD shelljr marine banks. 
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Mr. Wadia has kindly made an examination of those fossiliferous 
limestones. He writes : — 

‘ Foraminifera are absent, except in one doubtful specimen. Besides many 
broken bivalve shells (probably O^rca), there is found a turritcUid gasteropod, 
and some black enamelled scales like placoid fish scales. There also occur 
numerous fish boties, spines and dental plates in a highly fragmentary state in 
the limestone. 

From their general lithological aspect, these limestones may be thought to 
belong, with equal possibility, to the Triassic or to the grey-black, partly bitum- 
inous, shelly, Subathu limestone. On the whole I think the latter supposition 
is the more probable.’ 

The decision must rest upon the extremely Subathu-like aspect 
of the olive-green and purple cuboidal shales, and accordingly 
these rocks have been mapped as Subathu. 

It should be pointed out that the limestones just described, 
which are regarded as Subathu, aa well as true Subathu limestones 
and the Tal limestones of Garhwal, all contain broken fossils, 
most of which appear to be oysters. It is most unlikely, however, 
that the limestones found between Janot and Sainbar Hill are 
Tal. The Tal limestones are almost invariably sandy, and occur 
associated with sandstones or quartzites rather than with shales. 
The Subathu limestones are seldom sandy (though under the micro- 
scope, they may be seen to contain a few grains of quartz), and they 
arc always associated with shales. 

The Floor to the Nummulitic Sea. 

In Garhwal, Nummulitics rest on Mesozoic Tal beds. In Sirmur 
State, they are seen on Krol limestones. At Subathu and at Dabra, 
they occur on Simla slates. 

It is clear that a considerable part of the Himalayan area must 
have been beneath the sea during the early Tertiary, and that there 
must have been extensive previous erosion to allow for the occurr- 
ence of Nummulitics on rock series of such different ages. 

The unconformity of Tals on Krols, and the probable formation 
of the Tals from denudation of closely adjacent montane areas, 
suggests that erosion in this area did not take place at a single time, 
immediately preceding the Tertiary period, but was persistent 
throughout the Mesozoic. 

M^licott’s views are expressed on pages 86 and 87 of his memoir. 
At the time of his survey, Nummulitic rocks had not been foun4 
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on Krols, or amongst his crystalline and sub-crystalline rocks to 
the north-east. Accordingly he was led to believe that 

‘ the pro-nummulitic elevation was effected on the same lines, so to speak, as 
those which now mark the Himalayan mountain system’, 

thereby forming a land barrier to the north-east which prevented 
deposition of the Nummulitics in that direction. As a consequence 
of the bedding conformity seen between the Subathus and the under- 
lying Simla slates at Siibathu, Medlicott claimed that 

‘ The fact of such extensive denudation having affected the older rocks prior 
to the nummulitic period, implies that these rocks had also undergone disturbance, 
and it is of importance to be able to indicate the nature ol that disturbance ; it 
U'a^ in no sensible degree the d istvrhance u'hich prod uces contortion orflexnre of strata.^ 

Support for this contention was thought to exist in the fact that the 
Nummulitics show much disturbimee as do the older rocks upon 
which they rest, from which it was concluded that the older rocks 
were more or less undisturbed at the time of the deposition of the 
Nummulitics. 

Since the publication of Medlicott’s memoir, Nummulitics have 
been found ‘ inland ’ of the main belt of Tertiary rocks. In the 
Simla area, they have been mapped as far north as Shali peak. 
They have also been found on the Krol and Tal rocks of the present 
Krol Belt between Solon and Naini Tal, and occur at Dabra, north 
of the Tons thrust. The postulated pre-Nummulitic elevation was, 
therefore, less well-defined as a barrier than Medlicott supposed. 

Medlicott’s argument concerning the parallebsm of dip between 
the Subathus and the Simla slates clearly does not express the 
full facts of the case. On page 83, he admits that the entire 
evidence relating to the geological history of the Kummulitic rocks 
depends on the section at Subathu. This section cannot be said to 
be striking, even allowing for the fact that 80 years ago it may 
have been less obscured by bazar filth, and it is probably a pure 
accident that just there the Sul^athus and Simla slates show bedding 
conformity. 

Evidence has been given elsewhere ^ for supposing that in 
Palaeozoic times, the pre-Triassic rocks of the present Himalaya, 
in the Simla-Chakrata-Naini Tal area, were subject to orogenic 
activity along north-east to south-west, or Aravalli directions. 
Middlemiss also noticed that in the Kumaon Himalaya, there was 

^ Auden, i2cc. Ged, Surv. Ivd,, JjXVI, p. 461, (1932). 
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to be found disturbance along north-south lines oblique to the 
strike iLsually found in the Tertiary and some of the pre-Tertiary 
rocks. ^ 

The greater general degree of metamorphism, cleavage and 
crushing shown by the Paleeozoic and Mesozoic rocks in the Hima- 
laya cannot be attributed to the mere factor of time, since time 
alone will leave Algonkian sediments as unaltered as recent ones. 
Stress must have played a part, and one that is hardly consistent 
with the total absence of folding or flexure which Medlicott supposed. 
It is further probable that the Hazara, Chor, Lansdowne and 
Dudatoli granites may have been intruded towards the end of the 
Paleeozoic. 

Medlicott’s other point, that the pre-Tertiary and the Tertiary 
rocks show the same degree of folding, is an indication, not that the 
earlier rocks had not been previously folded, but that the later 
Himalayan movements were as intense as any that had preceded, 
and bad caused structures of equal complexity. 

It is clear, therefore, that the pre-Tertiary rocks had undergone 
a more varied history than the simple erosion from approximate 
horizontality into plateaux and valleys, which had been postulated 
by Medlicott. Had he omitted the word flexure, his position would 
have been sounder, at any rate for the times occupied by deposition 
of the Infra Krol, Krol limestones and Tals. 

VIII. METAMORPHISM. 

General. 

From the foregoing lithological descriptions, it is seen that the 
rocks of the Krol Belt show the following grades of alteration : — 

Shales, slates, clay-slates, phyllites, schistose phyllites ; sand- 
stones, quartzites, quartz-sobists ; limestones, recrystallised 
limestones ; dolerites, greenstones. 

The whole series is typically one formed under ejn-conditions. Mica- 
schists, with index minerals of higher grade, quartzites that have been 
recrystallised to a new mosaic wiih complete loss of clastic stnictures, 
limestones with oalc-silicate minerals, and hornblende-schists, have 
nowhere been found. 


* Mm. QuH. Swrv. Ind,, XXIV, pp. 125-129, (1S90), 
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The argillaceous rocks have not been metanao^phosed sufficiently 
for the microscope to be of much value in determination. Most 
of the slates and phylUtea, which in hand-specimen are characteristic, 
are not particularly distinctive in thin sections. The differences 
amongst these argillaceous rocks are on the whole megascopic, rather 
than microscopic. 

Amongst the argillaceous rocks, newly- formed quartz, sericite 
and chlorite are fairly universal. Blasto-biotite has not been 
seen. 

Some of the quartz-schists of the Jaimsars are sufficiently meta- 
morphosed for the clastic structure to be almost obliterated. Mo- 
saics of recrystalliscd quartz are frequently found, but never com- 
pletely throughout the body of the rock. 

In the limestones may be seen idioblasts of calcite. Many of 
the Upper Krol limestones have been completely recrystallised, 
and infested with sigmoid veins of calcite (43*758), but, even when 
siliceous impurities are present, there has been no sign of the form- 
ation of calc-silicate minerals. A striking feature of most of the 
limestones is the recrystallisation side by side of quartz and carb- 
onate, and the frequent replacement of quartz by carbonate. It 
is clear that stress has acted on these rocks without the influence 
of any considerable temperature, since wollastonite is not formed. 

The dolerites are readily susc(*,ptible to (jhaiige, but, in spite of 
uralitisation and saussuritisation, they can always bo rec^ognised 
as basic hypabyssal intrusives. 


Distribution of Metamorphic Effects throughout Succession. 

Tabular atatemeni of Melatuo.phic Effects. 
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The above table shows that it is impossible to differentiate the 
rocks of the Krol Belt by their metamorphic condition. 

No rigid list of characters can be assigned to any particulai* 
series of rocks present in the Krol Belt. There is no regular decrease 
in metamorphism, varying directly and discontinuously, with the 
division of the rocks mto discontinuous series. 

What is not seen in the table is the fact that most of the series 
show rocks of varied degrees of metamorphism. 

In the Simla slates and Kasaulis, soft green needle-shales occur 
interbedded with clay-slate. 

In the Jaunsars occur sandstones, quartzites and quartz-schists 
in close association. Single beds of quartzite may be marked out 
by extreme permeation with vein-quartz, due to crushing, while 
adjacent beds are free from veining. Clay-slates, slates, phyllites 
and chlorite-schists all occur close together, the green beds being 
particularly susceptible to alteration. 

In the Blaini, red shales occur with banded slates. In the Elrol, 
marmorised BLrol C limestone may be seen to lie on unaltered red 
shales which have been penetrated by sheared greenstones 
(dolerites). 
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In the Subathus may be found gradation from soft purple and 
green shales to hard, tough, phyUitic clay-slates, penetrated with 
veins of quartz, Middlemiss noticed the same feature in the case 
of the Subathus in British Garhwal.^ Purple slates that he had 
previously mapped as belonging to his ‘ Purple Slate ’ series^, he 
later found were metamorphosed nummulitics. Griesbach ® work- 
ing in the Hundes wrote as follows : — 

* the nummnlitic rooks of Hundes (noi^tb of Niti) have in large measure been con- 
certed into a semi-crystalline formation, which one would naturally identify with 
some of the lower palaeozoics (haimantas) which they resemble, were it not that 
on the one hand their position between the cretcweous and the younger middle 
tertiaries and on the other, indistinct traces of nummulites^ determined their geol- 
ogical age accurately 

Griesbach assigns this particular metamorphism to the abundant 
basic eruptive rocks found in the Hundes. The parallelism with 
the phyllitised Subathu rocks of Dadahu and in British Garhwal 
is perhaps remote, although east of Dadahu there have been found 
a large number of sheared basic leucophyres. Since, in general, 
basic rocks do not effect much change on the adjacent sedimentaries, 
it is possible that the metamorphism of the Nummulitics at Hundes, 
as well as along the Himalayan foothills, may be only indirectly 
connected with the associated igneous rocks. Both metamor- 
phism and intrusion may have originated from the same causal 
stresses. 


Distribution in Space. 

Regarding the rocks of the Krol Belt in relation to neighbouring 
zones, the following divisions may be made out : — 

(1) Schist zone : to the north-east ; showing phyllites, schists 

often with index minerals ; recrystallised quartzites ; 
ept- and meso-conditions. 

(2) Krol Belt : great variation in character of metamorphism ; 

typically of ept-type. 

(3) Zone of Tertiary rocks : to the south-west ; generally non- 

metamorphosed, but locally indistinguishable from 
^-type rocks of the Krol Belt. 


1 Mem. Otol. Surv, Ind., XXIV, p. 72, (1890). 

• Rec. Qea. 8urv. Ind., XX, p. 33, (1887). 

• Mem. Qeoi. 8wv. Ind., XXIll, p. 45, (1891). 
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Tbis division into throe ssones is not absolute. Rocks of cpi- 
type occur in all three zones. Further, along the Krol Belt, there 
is longitudinal, or strike, variation in intensity of metamorphism. 
The Infra-Krol and Kt<A A stages become more altered towards the 
south-east. 

DiscusSiOfi. 

The metamorphic condition of these rocks is of interest in two 
connections, firstly, tlie bearing it has on correlations, secondly, 
the question of its cause. 

One of tbe arguments used by Pilgrim and West in connection 
with abolishing the original correlation made by Medlicoti of the 
rocks at Simla with those at Solon was based on the different meta- 
morphic condition ot the rooks of the two areas. 

Referring to the Simla slates, Blaini, Infra-E^ls and Krol 
limestones, they state on page 6 : — 

‘ It is a noteworthy fact that none of the rocks so far mentioned is truly meta- 
morphic. Not only aix) there no secondary minerals d(*velo|X’d, but further, the 
fSitnla, Blaini and lUfra-Krol series, though containing rocks often resembling slates, 
have no slaty cleavage and we Jiave found no evidence ot any pianos of crushing 
which do not coincide with the pianos of bedding ; ncithei is there any crystalline 
structure or evidence of flow in tho limestones ; while the Krol sandstone is obviously 
not a metamorphic quartzite.’ 

They intended to emphasise the different grades of metamorphism 
between the Simla and Solon rocks, concluding (1) that the more 
metamorphosed rocks were the older ; (2) that juxtaposition of rooks 
of different degrees of metamorphism must be accounted for by 
thrusts, that had brou^t rocks of different ages into abnormal 
association. 

Had one’s attention been confined to the generally unaltered 
rocks of the Tertiary zone, or, as was that of Pilgrim and WeA, 
to the schist zone, the occasional presence of more or of less altered 
rocks would not have upset the broad impression of constancy in 
character gained from these areas as a whole. Occasional traverses 
from either of these areas across adjacent zones would doubtless 
suggest a contrast sufficient to permit the belief in differences in 
kiild between them. Work Along the Krol Belt has shown, however, 
its transitional ohairacter to the zones that border it, and there has 
proved to be far less conviction as to the rigidity of distinction, both 
correlative and metamorphic, of the rocks of the three zones. 

As seen from the general statement made above, the criteria 
assumed in the quotation just given are not valid. Viewing the 
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rocks of the Krol Belt as a whole, there is in many places an approx- 
imation to the metamorphic grade of a considerable quantity of the 
rocks found in the area described by Pilgrim and West.^ 

The contrast between the garnet- and staurolite-schists of the 
Jutoghs with the shales of the Infra-Krols near Solon is undeniably 
great, but it must be recognised that this is the extreme contrast. 
Elsewhere the rocks of the Krol Belt become more metamorphosed, 
while the Jutoghs, away from the influence of the Chor granite, 
tend to lose their index minerals. The Jaunsars of the EjoI Belt and 
the Chails of the area mapped by Pilgrim and West are in some places 
practically indistinguishable, as on Rigana Dhar and at Tikar. 

It is not intended to imply that a correlation between the rocks 
at Simla and Solon should be reverted to, or that thrust-planes 
are not present. Pilgrim and West found definite structural 
features, indicative of the existence of thrust-planes, particularly 
at the base of the Chails. In the Deoban area, Mr. West has re- 
cently found mylonites below the Chail thrust.^ Moreover, these 
authors obtained evidence of elimination of beds by overlap, which 
coincided with these structural features. 

It is, hoped however, to indicate that the differences between 
the rocks of the Krol Belt and of the adjacent north-eastern area 
are not absolute, and that the ciuestion of age cannot satisfactorily 
be told by considering solely their metamorphic aspect. 

Gradation. 

Tlieie is a large body of opinion amongst geologists, championed by 
Gregory^ and Kober*, that all extensive areas occupied by crystall- 

^ It should bo expressly pointed out that the criteiiu they assumed were valid fpr the 
few sections in the Krol Belt that they visited. That it has been found that these criteria 
do not hold, is solely the result of working in detail over a larger area than they were 
able to visit. 

^ Rec. Oeol. iiurv. J nd., LXV, p. 130, (1931). 

» ‘ Structure of Asia p. 7, (1929). ‘ General Stratigraphy *, p. 7, (1931). 

* Jiober iiia> be quoted. His claim is that ^^to-rocks (Aypo-rooks of Fermor) of 
regional extent, have only been found for certain in the pre*(jambrian. He accepts 
that mew- and ejn-rocks have been formed as a result of the Mesozoic and Tertiary 
alpine teotonioa. In ‘ Das alpine Europa ’ (Berlin, 1931), p. 18, he states 

* Eine einheitUohe juiige alpine Metamorphose geht hbef die Metamorphiden des 

alpinen Drogens hinweg. Kristalline Sohiefer der mittleren Tiefenstufe ent- 
stehen in regionaler Metamorphose. Diese ist Bew^ungsmetamorphose (Dy- 
namometamorphose), auoh Belastungsmetamor^diose. WahrsoheinUoh werden 
diese Zonen sohon vor der Oberkreide von den grossen Sohubmassen der Zen- 
traUden iibersohoben, gelangen so in die Tiefe des alpinen Xrqges,’ 

On pp. 268, 274, he suggests that the alpine iiMiw-inetamocp^ixi may pass to 
A-akJ-type in depth. 

See also Kobor, ‘ Der Bau der Erde *, 2 Aufl., p. 79, (1928). 
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ine schists must be pre-Cambrian. This is in contrast to the 
views of many Alpine geologists, including F. E. Suess, Argand and 
Staub. Analogies of the Himalaya with the Alps may perhaps 
be considered too remote, but we may take examples from the 
Himalaya themselves, to show that the relation between areas of 
schists and of less altered slates and phyllites, for which there is no 
reason to suppose a pre-Cambrian age, is often intimate. 

Dr. A. M. Heron ^ has described the relation of Triassio and 
Jurassic rocks north of Mount Everest to their metamorphosed 
equivalents actually on the mountain-side. A series of shales and 
limestones, Triassic and Jurassic in age, has been permeated with 
tourmaline-granite which has metamorphosed them to mica-schists 
and banded calc-silicate rocks. He writes : — 

* In the above-described sections the change from sedimentary to meta- 
morphio rock is very clearly seen, taking place gradually in magnificent cliff faces 
with no break nor discordance in the stratification ; from a short distance away it 
is indeed often impossible to say whether one is looking at limestone or caloschist.’ 

Hayden * criticises Griesbach’s assignation of the latter’s Vaikrita 
system to the pre-Cambrian on the grounds that similar rocks are 
found in the Sutlej valley and the Spiti river which should be re- 
garded as Haimantas. He states in regard to these localities : — 

* the kyanite -schists and garnetiferous mica-schists are found to pass horizontally 
into less altered phyllites and clay-slates belonging to the Cambrian system and 
corresponding to Mr. Griesbaoh's middle haimantas. Similarly, highly altered 
btaurolite and kyanite schists are found between Asrang and Pangi, where the intru- 
sive biotite granite is found in contact with the cambriaii slates.* 

Coming closer to the area with which we are directly concerned, 
to the schists associated with the Dudatoli granite, Middlemiss 
states^ 

* 1 may here emphasise two points — first, the schist found near the gneissose 
granite is entirely a thorough crystalline schist, a fact needing no microscope to 
demonstrate ; and secondly, along a line of country, where rock is exposed at every 
step, 1 1 is seen that this culminating intense form graduates into a wide-spread 
less intense form, and that in turn graduates into ordinary slates and quartzit^.* 

Finally may be quoted Mr. D. N. Wadia’s description of the 
rocks in the Hazara * area, of late pre-Cambrian and of Cambrian age. 

* There is not much doubt that by far the largest part of the schist zone of 
Bazara and Kamah represents regionally as well as thermally altered Dogra (Hazara) 

1 Rec. Qeol 8wrv. Ind., LIV, p. 223, (1922). 

* Mem. Qeol, 8urv. Ind., XXxVI, p. 9, (1904). 

» Ree. Qeot. 8urv.' Ind., XX, p. 137, (1887). 

« Op. ciL, LXV, p. 200, (1931). 
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slates. Middlemiss .... entertained no serious doubt as to their identity. The 
perfectly uniform and unvarying argillaceous composition of Dogra slate from 
place to place, save for the ubiquitous dolorite dykes and rare thin limestone layers, 
is one unfailing criterion. In the present area, it is permeated with granitoid 
gneiss intrusions (Central Himalayan gneiss), and the contact effects on the slates, 
converting them into phyllites, hornfels, and thinly foliated gametiferous biotite- 
schists, with occasional staurolite, round the larger intrusions, are well seen.’ 

Three facts are evident from these accounts. Firstly, schists 
over extensive areas may be of Palaeozoic, or even latei age, an 
opinion that is held by most alpine geologists. Secondly, tliese 
schists grade into slates, phyllites and limestones, of types prevalent 
throughout the geological succession in the Himalaya. Tliirdly, 
the intense, schist form of alteration is related in all cases to the 
intrusion of granite ; while the less intense, phyllite and slate, forms 
of alteration are connected with the general regional stresses operative 
at the time.^ 

Besides the lateral variation in metamorphic intensity described 
in the quotations given above, there is also variation in dip section. 
Rocks of markedly different metamorphic aspect may be seen to be 
interbedded, and in such a close manner that their juxtaposition 
cannot be explained by thrusting or by isoclinal folding of distinct 
rock series. 

Metamorphism of low-grade, cpi-type, and approaching meso- 
type, appears to be selective, being greatest, in the same locality, 
in those rocks that were presumably richer in unstable minerals, or 
had a higher water content. It is only in the highest grades that 
external influences are intense enough to overcome small differences 
between beds of approximately the same facies, and bring all the 
rocks to a common level of reconstruction. 

Position and age of granites. 

It is a singular feature that the Dudatoli and Lansdowne granites 
occur synclinally at the top of a synclinal succession of slates and 
schists. The same relationship may obtain 
gyneSnes** ^anite. It is not at all im- 

probable that, since the great series of Jutogh 

1 These aooouuts would appear to niilitate against any suggestion that thrusts sep- 
arating rooks of dissimilar metamorphic grade had been missed by the observers. The 
stress laid upon continuity of exposures shows that the observations were oritioal, and 
the whole trend of these author’s accounts disposes of the possibility that the wish was 
lather to the thought, in desoribiog this gradation. 
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locks at Simla occurs in synclinal form, they may have originally 
been capped by a continuation of the Ohm: granite, and may have 
owed much of their metamorphism to a granite which has now been 
removed. Oldham ^ postulated this, but the view has since been 
discarded®, on the grounds that an intrusive mass is not capable 
of producing wide-spread metamorphic efEects, such as are found 
in the Jutoghs. The occurrence of these gneissose granites in the 
cores of synclines certainly demands some connection of the granite 
with the general processes of regional metamorphism. It is pro- 
bably nearer the truth to picture both the intrusion of the granites 
(or their self-generation, ‘ inborn so to speak, in the cores of the 
folds®) and the general regional metamorphism as part e fleets of 
a wider cause. 

I have given reasons elsewhere * for believing that some of the 
gneissic granites of the outer Himalaya were Carboniferous or 
slightly oldei-, and were connected with tectonic 
Age of granites. activity along the Aravalli axis. Further, since 
the Hazara granite intrudes the Dogra slates, which are pre-Cambrian 
and Cambrian in age, it is permissible to regard this granite as post- 
Cambrian. The general similarity in character and manner of occuii- 
euc(i of the Hazara, Chor, Lansdowne and Dudatoli granites suggests 
that their correlation is permissible, and that they weie intiuded 
during the Palseozoic era. The evidence, which is not absolute, is 
discussed in the paper quoted. 

Difficulties arise if an attempt is made to narrow down the time 
limi t still further. The Jaunsar arkoses indicate the presence of 
an earlier granite, but the Jaunsars are affected by the same Aravalli 
orientation that is seen in the Lansdowne granite. This orientation 
in the Lansdowne granite may presumably be connected with its in- 
trusion tectonics. It is tempting, therefore, to regard the intrusion 
of the granite as immediately post- Jaunsar (? post-Devonian) in age, 
since both granite and Jaunsars are affected along the same tectonic 
directions. As opposed to this reasoning, it is possible to assume 
rejuvenatioti of activity along the Aravalli aids, and to object that 
similarity' of orientation is not proof of tectonic contemporaneity. 


1 Bee, Qeok Swv, Ind,, XX, p. 148, (1887). 

* Mem. Qeol. Surv. Ind., LUI, p. 8, (19^). 

* This is not Uie place to ent^ into a discussion on the formation of granites, it 

must suffice to say that the appearances in the field do indeed suggest that simple 
intrusion from some totaUy foreign source is not a complete explanation of some of these 
eoOQZxencee cd granite. Compare hBddle mi ss> Rtc. Oid. Surv, p. 140,(1887). 

« Bee. Qtol. SuTV. Ind., LXVl, pp. 401-471, (1983). 
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Application to Krol Belt. 

In the Hazara area, Mr. Wadia has the following succession^ : — 

Cambro-Silurian. 

Dogra slates (Cambrian and pre-Cambrian, and probably equi- 
valent to the Simla slates). 

Salkhala series (Archaean). 

Wadia and West ^ are agreed that the Jutoghs of the Simla 
area are equivalent to the Salkhalas of Hazara. The Jutoghs must 
therefore be regarded as Archaean. 

Mr. West ® has related the higher grades of metamorphism ot 
the Jutogh series to the intrusion of the Chor granite. It is known 
also that the Dogra slates owe their metamorphism to the Hazara 
granite. It follows that, besides the Ajchaean formations, which 
perhaps were schistose before the intrusion of the gneissic granites, 
there was a later, post-Cambrian, development of schists which 
was directly connected with these intrusions. 

We have, therefore, to consider the regional metamorphism of 
the Dogra slates, and possibly also some of the metamorphism of 
the Jutoghs, as PalsDozoic. We know also that the Krol, Tal 
and Tertiary rocks have been metamorphosed as a result of the 
Tertiary orogenic movements. Four factors must therefore be 
disentangled : — 

(1) The possible existence of Ajchaean schists, of rn€so-tyi)(*. 

(2) The broad regional metamorphism of the Paleoozoic sedi- 

ments, of epi-type. 

(3) The locally iiitenser grade ot this metamorphism in associa- 

tion with gneissic granites, of //^eso-type. 

(4) The later metamorphism resulting from the Tertiary oro- 

genic movements, of epi-type : 

(а) acting on Palaeozoic sediments already affected by the 

earlier metamorphism ; 

(б) acting on Infra-Krol, Krol, Tal (late Palaeozoic and 

Mesozoic) and Tertiary sediments, whioh had not 
been deposited at the time of the earlier meta- 
morphism. 

1 Rcc. (Hoi, Surv, Ind., LXV, p. 202, (1931). 

* i>p, cil.f p. 12(i, (1031). 

> Otol. fitirv. Zud., LHI, p. CO, (102S>. 
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The efEocts of the Tertiary movementa on Infra-Krol, Krol and 
Tal sediments has been to cause slaty cleavage, the formation of 
phyllites and locally of sub-schistose rocks. 

Nature of Tertiary Limestones have flowed and reorystallised, 
metamorphUm. , i 

and quartzites have been permeated with vein 

quartz. The eSects have been such that slates in the Infra-Krol 

are similar to some in the Simla and Jaunsar series, and may even 

be confused with sub-schistose rocks in the Chails. Tals resemble 

Jaunsars, not only lithologically, but also in metamorphic aspect. 

Krol A slates resemble green slates in the Jaimsars. Phyllitised 

Subathu shales may be confused with rocks in the Infra-Krol and 

Jaunsar series. 

It is seen that sediments deposited after the regional PalfiBozoic 
metamorphism have to a large extent attained the same physiog- 
nomy as those that have undergone both the earlier, Palseozoic, 
and the later. Tertiary, metamorphism. JSpi-conditions prevailed 
throughout. The superposition of a later eyi-metamorphism on 
an earlier metamorphism of the same type has had no additive effect. 

No granites were intruded amongst the rocks of the Krol Belt. 
Granites and me^o-grade schists occur only in the zone to the north- 
east of the Krol Belt. 

It is of interest, therefore, to see whether the rocks of the Krol 
Belt give any inf^ rmation as to the previous existence in this neigh- 
bouring zone of rocks of higher grade, meso- 

Evldence of pebbles in type metamorphism. Conglomerates are 
conglomerates. , if x xi. i i 

common throughout the geological succession 

in the Simla-Chakrata hills. Evidence should be obtained, by 

examining the boulders and pebbles, whether any high-grade meta- 

morphio rocks were exposed to denudation, or were formed at all, 

prior to the deposition of the rocks containing the pebbles. 

It is a striking fact that, except in one rock slice of the Blaini 
boulder bed, no single instance has been found either in the field, 
or in rock-slice, of any true schists or metamorphic rocks of meso- 
type being included in the pre-Tertiary conglomerates. Phyllites, 
black (? carbonaceous) slates, and sandstones are found abundantly 
as fragments in the Simla slates, the Morar-Chakrata beds (largely 
Simla slates), and the Blaini ; but never schists, never garnets. 


and only one case of a completely recrystallised mosaic-quartzite 
(slice 21999). The boulders in the Blaini are almost entirely dark 
slates, sandstones and quartzites, all types which can be matched 
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in the Simla slates and Jaunsam. The boulders in the Jaunsars 
are mostly of material derived from penecontemporaneous erosion, 
while the abundant pebbles of vein-quartz perhaps indicate a granite- 
pegmatite source. In the Jaunsar arkoses are found plagioclase 
felspar and tourmaline. In the Tal arkoses occur microcline and 
tourmaline. The provenance of these minerals was almost certain- 
ly granitic. 

Pebbles of gneissic granite, similar to the Hazara granite, have 
been noticed by Mr. Wadia in the Agglomeratic Slate of Kashmir, 
i.c., in rocks of Upper Carboniferous age. A pebble of albite- 
oligoclase-granite has been found in the ‘ volcanic breccia ’ of Garh- 
wal, which is either Carboniferous or pre-Carboniferous in age. 

Aside from these indications of the existence of granites, there is 
extremely scanty indication of any derivative environment to the 
whole sequence of rocks in the Krol Belt other than that showing 
epi-metamorphism. Not until the Dagshais, of Oligocene or Mio- 
cene age, are there found metamorphic rocks and minerals of meso- 
type. In the Dagshais and Kasaulis, garnet is abundant. In 
the Sutlej rocks, garnet and pebbles of recrystallised quartz-schist 
may be found. 

A similar feature has been noticed by Prof. F. E. Suess^. He 
has been criticised, amongst others by Gregory-, for supposing 

« that the schists and gneisses of Moldanubian 

Professor F. E. Suess. ^ - v 

type m Bohemia are equivalents oi Barra ndien 

Palaeozoic sediments, metamorphosed by the Hercynian revolution. 
Kef erring to the non-metamorphosed pre-Cambrian and early Palaeo- 
zoic equivalents of Central Bohemia, he states 

‘ ConglomerateB and graywackes in which crystalline constituents are entirely 
wanting are rather rare. Bui a geologist rambling over the huge stretches of the 
Algonkian and early Cambrian of Bohemia will be deeply impressed by the fact 
that the innumerable beds of conglomerate consist exclusively of pebbles of slate, 
lydite, diabase, spilite, and a few others from the Algonkian itself in astounding 
monotony, and that crystalline constituents are entirely absent. It appears 
almost as if at that time no other kind of rocks had been in existence.'’ 

1 Oeol. Mag., LXIX, p. 431, (1932). 

■ ‘ Dalradian Geology *, p. 24, (1930). 

• I may perhaps be excused in quoting from my own Progress Report, p. 29, for 
1931, where less graphioally and less oleany expressed, I wrote : — ' There is as well a 
total failure of any foments of schist in the boulder beds and conglomerates of the 
rooks so far seen, as if the periods of metamorphism post-dated the lonnations of the 
succession.* The impressions gained in the two oases are so strikingly similar that they 
deserve recording, because of their independent formulation, 
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The facts as related to the Himalayan area present aztomahes. 
The absence of pebbles and boulders of schist and metamoirphio 
quartzites in the Simla and Jaunsar series 
®'^****”*^ snom- would seem to indicate either that no area of 
metamorphic rocks of w€so-type was exposed 
to denudation at the time of deposition of the sediments, or that 
metamorphism of meso-type had not then occurred. Yet there is 
evidence in the Carboniferous boulder beds that granites had intrud- 
ed previously. Moreover, the pebbles of gneissic granite in the 
Agglomeratic Slate suggest the previous intrusion of precisely those 
granites that were associated with the regional metamorphism of 
Dogra slates. If gneissic granites are found as pebbles, it might 
be expected that schists would also be found. It is true, as Mr. 
Wadia has suggested to me, that schists would readily disintegrate 
during transportation, but at least index minerals, such as garnet, 
should occur in the sediments derived from the schistose areas. ^ 
The existence of post-Cambrian granites to some extent explains 
the difficulty, since the formation of schists with higher giade 
index minerals would have been entirely subsequent to the deposition 
of the Simla and probably the Jaunsar series. Even so, the boulder 
beds, such as the Agglomeratic Slate, the Blaini, and the * volcanic 
breccia ’ of Garhwal, should contain rocks with metamorphic aspect, 
since they were presumably formed after metamorphism of tho. 
rocks, or equivalent rocks, from which they were derived. 

It must be assumed that the zone of granite intrusion prior to 
the altogether later Tertiary thrusting, was far removed from the 
rocks now found in the Krol Belt. The Carboniferous boulder- 
bearing rocks must have been derived locally from rocks of low- 
grade metamorphism in the Simla and Jaunsar series, with only 
occasional stray pebbles of resistant granite derived from the zone 
of granite intrusion. Even in Kashmir, where the Agglomeratic 
Slate was evidently closer to the area of granitic intrusion, Middle- 
miss * mentions only the following pebbles : — quartz, feldspar, slate, 


1 De Terra [‘ Geologiache Forechungeii im \ipostlichen K’un-lun und Karakoram Hima- 
laya * p. 45, (1932)] notes the following rocks to be present as pebbles in the basal 

oongkHBietate of the Kilian series (Old Palieozoio) in the K'an-lun : — gneiss, ohlorite- 
qaartz-sohist, mioa-sohist, and vein-quartz. He remarks that the conglomerate is 
looaUy cdonred red on account of the oxidation of biotite in the pebbles of mica-schist, 
thereby emphasising the detrital occurrenoe of this rook type. The provenance of these 
pebbles is mm the Karakasoh series, which is probably pre- Gambian. 

• JUc. Qtol. 8urv. Itid., XL, p. 233, (1910). 
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quartz-porpliyry, occasional quartzite, pegmatite and tourmaline- 
granite. 

Archaeans must have formed a basement and margin to the area 
of deposition of the Simla slates, but they have left no recognisable 
traces of the characters they now exhibit. Possibly they ocourred 
then as phyllites rather than as schists. 


IX. MANDHALIS. 

Significance of Boulder Beds. 

The Mandhali beds have offered a problem of great difficulty. 
Allusion has already been made to them on pages 368 nnd 396 . The 
previous workers concerned with this group of rocks are Oldham 
(18834888), Pilgrim and West (1928), and West (1931). In 1888, 
Oldham summed up their character as follows^ : — 

‘The group.... is of the most protean character, consisting of quartzites, 
slates, limestones, conglomerates and boulder beds in most variable proportions 
and interstratified in the most extraordinary manner ; it being not uncommon to 
find slates or even limestone interbedded with coarse grits or conglomerates. This 
variability appears to be due to the fact that it has been deposited in close prox- 
imity to land, and always contains a lajrge proportion of debris derived from the 
older rooks of the neighbourhood. Thus in Northern Jeionsar and Bawar, where it 
rests on the Deoban limestone fragments of that rook are extremely abundant in 
it and there are several beds of a conglomerate composed exclusively of rounded 
boulders of the Deoban limestone imbedded in a matrix of the same rock in a finely 
comminuted form, while in Southern Jaonsar, where it rests on the quartzites 
of the Jaonsar series the group consists almost entirely of coarse quartzites and 
grits. 

But the great characteristic of the Mandhali group is the presence of boulder 
beds of the same type as that of the Blaini group. So great indeed is the similarity 
that in more than one case an exposure of this group has been described as Blaini.' 

Oldliani finally correlates these beds with the Blaini. 

With this correlation. Pilgrim and West are in agreement, al- 
though, on accoimt of the thickness of the Mandhalis, these authors 
were inclined to regard them as equivalent to the combined Blaini 
and Infra Krol.* 
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There are three distinct rock facies which have to be considered 
in a discussion of the Mandhalis : — 

(1) Limestones. 

(2) Pebble beds and conglomerates. 

(3) Boulder beds. 

Most prominence has been given to the boulder beds, the presence 
of which has led to the correlation of the Mandhalis with the Blaini. 
The associated limestones, pebble beds and conglomerates have 
been variously grouped with the Mandhalis, Jaunsars and Chails 
according to the impressions gained from single exposures, where 
one or other or all of the above facies are prominent. 

It is true that boulder beds are striking rocks which at once 
attract the eye. Moreover, the origin of these boulder beds, whether 
glacial, volcanic or otherwise, is certainly one that implies some- 
what abnormal conditions of sedimentation. In proportion to 
this abnormality of origin, it may be thought that the causal factors 
would be rarer. Consequently, a series of boulder beds, with an 
abnormal manner of origin, might be considered to be probably 
contemporaneous. 

This was the basis of the reasoning of Oldham, who wrote as 
follows^ : — 

* If we take the glacial origin of the two aa proved, this in itself would estab- 
lish the contemporaneity of the two groups of beds which outside evidence places 
between the Deoban and the upper part of the carbonaceous system.’ 

The premises do not appear to me to be sound. In New South 
Wales, Australia^, there are five glacial horizons between the Upper 
Carboniferous and the Upper Permian. During the Pleistocene 
glacial period of ihe European Alps, there were four periods of 
glaciation, separated by interglacial periods. 

Oldham himself, on pages 132 and 133 in the same paper just 
quoted, seemed «tistied, in spite of a certain element of doubt, 
that two exposures of boulder-bearing rocks did properly occur low 
down in his Jaunsar succession. 

I have mentioned the occurrence of boulder beds in the Nagthat 
beds on page 373. In Garhwal I have noticed a boulder bed in the 
middle of Middlemiss’s Purple Slate series®, which occurs above 
and is quite distinct from, the ‘ volcanic breccia *. 

1 lUc. Ofol. Surv, XXI, p. 137, (1888). 

^ ‘Explanatory Notes to New Geological Map of Aualxalia% Table E, p. %% (1932). 

• J2ac. Qeol. Surv, Ind., XVIII, p. 74, (1886) ; op, ciU, p. 84, (1887). 
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In the Hazara area, Mr. Wadia has found a conglomerate, 120 
feet thick, which occurs above the Dogra slates (=:Simla slates) 

and at the base of a series of phyUites and quartzites, called the 
Tanols.^ At the top of the Tanols near Talhatta, is another con- 
glomerate, possibly equivalent to the Blaini. 

The following correlation is suggested : — 

Hazara. Simla-Chakrata hills. 

Talhatta conglomerate .... Blaini. 

Tanols Nagthat and Chandpar stages. 

Conglomeratic boulder bed .... Mandhali stage. 

Dogra slates ...... Morar-Ohakrata beds (Simla 

slates). 

Boulder beds may be formed under very varied conditions. 
Middlemiss assigned a volcanic origin to the breccia in Garhwal. 
This is exactly similar in appearance to the Blaini boulder bed, 
which has been regarded as glacial. Later, when working in Kash- 
mir, he was unable to decide whether the Agglomeratic Slate was 
of glacial or of volcanic origin. Mr. Wadia has recently found 
traces of original glass in this Agglomeratic Slate and concludes 
that it is probably volcanic.* The intimate association of glacial 
and volcanic rocks is well displayed in the Permo-Carboniferous 
succession of New South Wales. 

We should expect every gradation between true tillites, fluvio- 
glacial beds and ‘ ordinary * conglomerates. Certainly in the case 
of the Mandhali and Blaini boulder beds, conglomerates can be 
seen to grade into boulder beds. Further, the tuffs associated 
with the Chandpur beds prove definitely that volcanic activity 
occurred, and at a time, in my opinion, between the deposition of 
the Mandhalis and the Blaini. It is quite possible that agglomerates 
may have been formed earlier and later than the tufc, contem- 
poraneously with the supposed glacial tillites. 

On the grounds, therefore, both of origin and of frequency, it 
cannot be asserted positively that the boulder beds of this region 
are necessarily glacial, and necessarily of one period. 

I can offer no absolute proof that the view previously held, 
namely, that the boulder beds are glacial and all Blaini, is erron- 
eous, because the sections now exposed are disturbed, and by them 
selves do not permit of certainty. But this former view has led 
to difficulties. 

^ Bee. Qeol. 8wrv. Ind., LXV, pp. 204-^, (1932) 

* Mm. Qeol. 8urv. Ind.^ U, p, 235, (1928). 

F 
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Consequences of Mandhali-Blaini Correlation. 

If the correlation of the Mandhalis with the Blaini is accepted, 
two difficulties are at once evident: — 

(1) The Mandhalis south of Chakrata api)oar everywhere to 

dip synclinally below the Jaunsars, and are, therefore, 
on this supposition, overlain by rocks older than them- 
selves. The whole syncline of Jaunsars, normal Blaini, 
Jnfra-Krols, Krol limestones iiiid TaLs must rest as a 
ihrust mass, or najfpe, upon the Mandhalis. 

(2) Th(‘,r(i must bo two totally distinct facies of the Blaini now 

in close proximity : 

(а) the thin boulder bed and limestone, which runs from 

Ohandpm* peak to Shiwa Kalan ; 

(б) the extremely complex series of beds called Mandhali. 

Reasons against Mandhali*Blaini Correlation. 

There is no sign of the thnist plane that would bo required to 
separate the Mandhalis from the overlying Chandpur beds, if the 
Mandhalis and the Blaini are regarded as equivalent. The quartzite 
associatt'd with the Bansa limestone is, it is true, often markedly 
schistose, but not more so than many of the quartzites in the Mand- 
halis themselves and in the Nagthat stage. Thrust planes arc 
admittedly often very difficult to locate, since they may leave little 
trace of their action in the rocks brought into abnormal juxtapos- 
ition. It seems irrational, however, to assume a thrust solely 
because of a lithological change from a series of limestones, phyllites, 
quartzites and boulder beds up to a series of banded quartzite and 
phyllites, with tuff beds, unless the ages of these contrasted rocks 
are known. It has just been argued that boulder beds are a common 
feature in the Himalaya and that age cannot be told from their 
occurrence. 

The associations of the Mandhali and Blaini rocks may bo 
Biimmarisod as follows : — 

(1) Mandhali. — Characterised by a complex association of dark limestones, 

often sandy, and often marmorised, phyllites, grits, boulder beds, 
conglomerates, schistose quartzites, apparently underlying the Chand- 
pur stage. Boulder beds full of limestone fragments and limestone of 
in situ growth. 

(2) Blaini . — Pink siliceous limestone, not sandy, assodated with boulder 

bed in which limestone fragments are very rare. The limestone and 
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boulder bod, if both present, aro always together. Overlies the 
Nagthat beds, which in turn rest on the Chandpur stage. 

This Blaini boulder bed, with its pink siliceous limestone, is always 
overlain by Infra-Krol and Krol rocks, the three stages foiming the 
only readily recognisable sequence in the whole of the Krol Belt. East 
of longitude 77° 30', the Tal beds form an additional and also distinct- 
ive series above the Krol limestones, the sequence eastwards invar- 
iably being Blaini : Infra-Krol ; Krol : Tal. 

This Blaini : Infra-Krol : Krol : Tal sucoossion is ‘ normal ’ in 
tlio sense that it is almost certain that the stages in it are in their 
original order of deposition, and are unaffected by thrusts of any 
regional magnitude. It may be taken as the standard of reference 
for the Krol Belt. The relationships between the various stages 
in it aro constant, and their mapping, apart from physical exer- 
tion, is always easy. 

Contrasted with this ordt^rly sequence, of which the Blaini is 
the invariable basal member, is the disorder that prevails amongst 
the Mandhali rocks, and the fact that the Mandhalis are overlain 
by a group of rocks totally distinct from the Infra-Krol to Tal 
succession. 

Since, then, we find that the Mandhalis, in the region where 
the whole of Ihe geological column is l)Gst developed, occur in an 
association that is altogether foreign to the Blaini and overlying 
rocks, we may conclude that the Mandhali-Blaini correlation is 
probably unsound. 

Apparent support lor the Mandhab -Blaini correlation is found 
along the tract bordering the Krol thrust. Here both the Chand- 
pur and the Nagthat stages are almost absent, and Blaini and 
even the Krol are brought into contact with Mandhalis, causing 
admitted embarrassment. But the tract bordering tlie Krol thriist 
is so clearly a zone in which tlirusts are common and abnormal 
juxtapositions occur, that it can hardly be considered reasonable 
to consider only the evidence of such a tract, when fuller evidence 
is to be obtained further north. 

Field Relations to North-West. 

At the time of mapping the outcrops north of the Giri river, 
I had not seen the Mandhalis. The sections showed that a series 
of thin-bedded limestones and dark slates, with some soft green 
slates, passed up to the Bansa limestone and then into Jaunsars 
of Nagthat type. Boulder beds were found sporadically at the 

f2 
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base of the succession. The occurrence of limestones did not 
seem anomalous, since they had been seen elsewhere in the Jaunsars, 
and accordingly the whole sequence was regarded as Jaunsar. The 
boulder beds were mapped as Blaini, and were considered to have 
been thrust over by the Jaunsars. Later, on acquaintance with 
the Mandhalis, it was realised that the beds low down in the sections 
were probably Mandhali. To what extent the boulder beds in 
the eastern part of sheet 53 J/10 are Mandhali, and to what extent 
Blaini, is altogether uncertain since at that time, I had not learnt 
to know the features which differentiate these boulder beds. An 
attempt has been made to mark the approximate extent of the 
Mandhalis by stippling. A definite boundary with the Jaunsars 
cannojf be drawn. 

In the neighbourhood of Dadahu, a complex association of Infra- 
Krol slates and Blaini boulder beds has been overthrust by the 
Jaunsars and Mandhalis. Bleaching slates of Infra-Kjol type 
occur also in the Mandhalis, and it may be objected that, near 
Dadahu, Mandhali slates and boulder beds have been mistaken for 
Infra-Krol and Blaini. The beds mapped as Infra-Krol are over- 
lain by Krol limestones on hill 3,619 feet, and continue to the north- 
west for 40 miles along the strike, always overlain by Krol lime- 
stones, and always associated with Blaini boulder beds and lime- 
stone. It is not likely therefore that they have been incorrectly 
mapped near Dadahu. Uncertainty only exists between Dadahu 
and the Tons river, because there slates and boulder beds occur, 
without Krol limestone, that might be either Mandhali or Blaini 
and Infra-Krol. This, in my opinion, is no proof that the Blaini, 
Infra-Krol and Mandhali are the same. It is simply an illustrat- 
ion of the complexity that may arise when similar rook types, 
whether contemporaneous or of different ages, are brought together 
by thrusting and unconformable overlap. 

One other exposure, at the north-western end of the Krol Belt, 
TfLQ,y be mentioned. This is an isolated lenticular outcrop of fold- 
ed and brecciated limestones, together with knotted slate, which 
occurs at Dhari, near Kandaghat. It was at first regarded rather 
doubtfully as Krol A, on account of the lenticular folded blue 
limestones. Since the rocks occur wedged in between Jaunsars 
and Simla slates, and the limestones are more similar to those of 
the Mandhalis than to the Krol A limestones, the outcrop may 
with confidence be mapped as Mandhali. 
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The limestones at Badgala are of the same type, folded and 
brecciatod. 


Conclusions. 


The argument relating to the position of the Mandhali rocks is 
based on the following points : — 

(1) In south Chakrata, a thick series of Mandhali rocks appears to pass normal- 

ly upwards into the Chandpur stage of the Jaunsar series. No trace 
of a thrust plane is seen. The boundary chosen between the two stages 
is one of convenience, viz,f at the top of the Bansa limestone. 

The undoubted Blaini, on the other hand, which in this region 
consists solely of a boulder bed and an overlying pink siliceous lime- 
stone, passes up into the Infra-Krol : Krol : Tal succession, which 
is the type succession for the Krol Belt. 

(2) In the Kandaghat area, Simla slates appear to grade upwards into Jaun- 

sars. Boulder beds and pink limestone sometimes intervene, which 
admittedly are identical to those in the Blaini. At Dhari, near Kanda- 
ghat, occur brecciated limestones, of Mandhali type, between the 
Jaunsars and the Simla slates, so that the parallel with Chakrata area 
is moderately close. 

(3) Boulder beds definitely occur in the Nagthat rocks that are quite distinct 

from the Blaini. The occurrence of other boulder beds, in the Man- 
dhalis, need not therefore occasion surprise and lead to the deduction 
that they must inevitably be Blaini. This is supported by occurrences 
of boulder beds at more than one horizon both to the north-west and 
to the south-east of the Krol Belt. Boulder beds are not rare in the 
Himalaya, either in space or in time. Their manner of origin is not 

everywhere the same. It cannot be argued that in the Simla area 

similarity implies contemporaneity or even identity in manner of 

origin. 

It was stated on page 397, that the Blaini between Simla and Bad- 
gala may in reality be Mandhali. The conclusions reached here 

may somewhat simplify the structure of the Simla-CShakrata area, since 
they would eliminate the necessity of a thrust at the base of the 
Jaunsars. 

Mr. West has found the Mandhalis of northern Chakrata to 

grade downwards into Deoban limestone, fragments of which they 
contain.^ This same Deoban limestone rests on the Jaunsar series, 
while, in the Beshair and Gutu Gads, Jaunsars are found as well 
above the Deoban limestone. 

The occurrence of Deoban limestone normally below the Mand- 
halis does not aSect the argument given above, because the Mand- 
halis south of Chakrata are probably thrust over the Morar-Qhakrata 


1 lUc. Qwl. Surv. Ind„ LXVI, pp. 128-129, (1932), 
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beds (Simla slates). If the interpretation given in this paper be 
correct, the position of Jaunsars below the Deoban limestone must 
be due to a thrust. 

X. CORRELATION WITH MUSSOORIE AND GARHWAL. 

In 1933, mapping was continued eastwards, past Mussoorie. 
In July and October, 1932, short visits were paid to Lachmanjhula 
and Lansdowne in British Garhwal. The Garhwal area was mapp- 
ed by Middlomiss in 1886-1887.^ 

Mussoorie (Sheet 53 J/3). 

The Blaini : Infra-Kjol ; Krol : Tal sequence reappears south- 
east of the Jumna river and has been traced eastwards to longitude 
78° 15'. The series of this sequence occur in synclinal form, with 
the axis of the synclino running N. W.-S. E. just north of Landour 
caiitonment. On the north side of the syncline, the Blaini rests 
on the Nagthat stage of the Jaunsar series. The south side lias 
not been examined in detail, but it evidently presents the same 
difficulties, on account of unconformable overlap and extensive 
thrusting, as have been experienced along the Giri river. 

The series of this sequence are typically developed and are un- 
mistakable. Upper Krol limestones make up the whohi of the 
Mussoorie ridge from Banog to the Landour bazar. Krol E lime- 
stone is well seen just opposite Stiffles’ cocktail bar. Landour can- 
tonment is built on lower and upper Tal rocks, which extend along 
the Mussoorie-Tehri mule-track as far as mile 5. 

A distance of 18 miles still remains in order to join up with the 
mapping of Middlemiss. That the rocks of this sequence will 
continue into Garhwal is evident from the brief traverses made at 
liachmanjhula and Lansdowne. 

Lachmanjhula (Sheet 53 J/S. W.)* 

The area between Laohmanjhnla and Bijni is not favourable for 
seeing outcrops, owing to thick jungle. Between Lachmanjhula 
and mile 18 (on the Hardwar-Badrinath pilgrim track), there are 
black, oarbonaceous, slaty shales and silty limestones, similar to the 
combined Krol A, Infra-Krol rooks east of Dadahu. By mile 18 


^ Qecl. Surv. Ind., XX, p. 33, (1887), 
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occur banded, green, calcareous slates, very characteristic of the KjoI 
A stage. Along the pilgrim route near mile 19, and on the path 
from Lachmanjhula to Bhadsi (30° 06' : 78° 21'), between aneroid 
heights 1,900 and 2,600 feet, there are seen red shales identical to 
these in the Krol B, Red Shale, stage. Massive, cream-white, 
* pseudocoralline’ limestones occur in the stream three-quaiters 
of a mile up from Gattugad Chatti (30° 05' : 78° 23'). These are 
identical to the Krol E limestones (specimen 43*766) found in the 
ravine one-third of a mile E. S. E. of hill 6,930 feet (30° 43' : 
77° 17'). 

The Massive Limestone is followed upwards near Kota (30° 
07' : 78° 25') by well-bedded white quartzites, which cross the 
Ganges, and occur as dip slopes by Atali (30° 04' : 77° 28'). They 
are exactly like the Upper Tals of Mussoorie and the area west of 
the Tons. The equivalent of the Lower Tals in Garhwal appears 
to be in the carbonaceous shales and sandstones seen at the con- 
fluence of the Huinl and Ganges rivers. The white quartzites of 
the Upper Tals are much thinner near Bhadsi, where they grade 
upwards into dark, current-bedded calc-san(Lstonos or sandy lime- 
stones, sometimes oolitic, and generally crowded with l)roken fossils. 


Medi Gad, near Lansdowne (Sheet 53 K/N E.). 

Exposures may be seen in the Medi Gad, from Raitpur (29° 54': 
78° 42') to near the Eastern Nayar river. The Tal beds do not 
show up well. Below them comes a blue, crystalline, massive limestone 
exactly like the Krol C. By a small stream half a mile E. N. E. 
of Raitpur, the massive limestones arc followed below by red shear- 
ed shales, with blotches of green and occasional dolomiti() lime- 
stone bands, identical to those in the Krol B stage. Going down 
the dip come successively : — lenticular dark Hmestones set in calc- 
slate, and banded grey and green slates (Krol A), black, banded, 
carbonaceous slates with salty efflorescences (Infra- Krol), purple 
mica-slates with subordinate green slate bands, thin limestones ; 
a thin conglomeratic breccia, purple slates, and finally ripple- 
marked quartzites, strongly veined with quartz. Since Middle- 
miss draws his boundary between the Massive Limestone and the 
Purple Slate series exactly .at the above-mentioned stream, it is 
clear that he regarded the red shales and green calcareous slates as 
part of his Purple Slate series. A suspicion that this was so was 
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aroused near Lachmanjliula, but the thick jungle there and the 
intense July heat prevented any detailed examination. In this 
manner of division, Middlemiss was perfectly justified. The thin 
calcareous slates (Krol A) of Garhwal clearly have very little in 
common with the clifi-forming Massive Limestone. Being slates, 
they would naturally be classed with the Purple Slate series, the 
more so since red sWles occurred above them. This is in contrast 
to the Solon neighbourhood, where the thin-bedded Krol A lime- 
stones occur in cliffs 300 feet high. The change that has taken 
place in the 120 miles that intervene between Solon and Raitpur, 
is due more to change in composition than to any demonstrable 
increase in intensity of stress in the Garhwal area. 

The purple slates may belong partly to the Infra-Kjol and 
partly to the Jaunsars. The ripple-marked quartzites, low down 
in the Medi Gad section, are exactly like those found in the Jaun- 
sars of the Simla-Chakrata area. If this be so, the ‘ volcanic 
breccia * of Middlemiss must occur below the Jaunsars, in just the 
position of the Mandhalis. 


Sutlej River Area (Sheet 53 A.)- 

At the opposite end of the Krol Belt there is a narrow strip of 
limestone which crops out amongst the Tertiary rocks from Badhota 
(31® 03' : 76® 66') northwards to the Sutlej river, north-east of 
Bilaspur (31® 20' : 76® 46'). Good exposures of cherty limestones 
and interbedded red and black shales of Krol D type may be seen 
on the path from Bilaspur to Pamali (31® 18' : 76® 47'). These 
limestones were noticed by Medlicott^ and by Pilgrim. ^ Both 
writers regarded them as Krol. 


Conclusions and Table of Correlation. 

Adopting the correlation of the Upper Krol limestone with the 
Massive Limestone of Garhwal, the Krol rocks are seen to extend 
from the Sutlej river, near Bilaspur, to Gungti Hill (29® 46' : 
78® 66') in GarWal, a distance of some 175 miles. The limestones 

> Mmn. OeoL 8w9. Ind,, ni, p. 80, (1864). 

* Field Diary for Maroli, 1924 (not published). 
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at Naini Tal are most probably Kiol, wbicb would bring the total 
length of outcrop up to 208 miles.^ 

The following table is offered as a tentative correlation. The 
correlation with the Kashmir-Hazara area is partly drawn from 
information supplied by Wadia and West, in the Director’s General 
Report for 1930.® It must be regarded as very tentative. 

Correlation Table, 


Hazara-Kashmlr. 


Blmla-Chakrata. 


Ollgooene. 

Borone 


NammuUtles 


Sabathuf 


Oretucoous , 
Jnraaelc 
Triaa . 


Qiumal Bandatono 
Spltl Bhales . 
Trias limeBtone 


Upper Tal . 
Lower Tal . 
? Absent 


Fenno-Carbonifor< 

OQB. 


1 


Infra-Trias Ilmoetono 
and Panjal trap. 


Upper Tanawal (Tanol)>l 


Upper Krol 
Umestone. 


ErolE 

KrolD 

KrolC J 

Krol B Bed Shales 

Erol A Lower Erol lime- 
stone. 


British Qarhwal. 


NammnUtles. 

Tal. 

Almost absent, 
f Absent. 

MasslTo Limestone. 


Upper 

CaroonlfeTOUS 


' Agglomeratlc Slate 
t Talhatta conglomerate . 


T Devonian 
Slloiian. 


and 


Lower Tanawal (Tanol) . 

Conglomeratic bonlder 
bed 


Lower 

and 

brian. 


PalnoKolo 

pre-Cam- 


Dogra slates 


Infra-Krol 
Blalni . 


Purple Slates (with 
occasional bonlder 
beds). 


Nagthat stage . J 


Ohandpor stage 
Mandhall stage 


} 


Volcanic Breccia. 


Simla slatea 




Schistose series. 


Dolerites have been found introaive into Krol and older rooks and into 
Tertiariee, but not in Tals. There is possibly a Permian-Krol suite and a later 
Tertiary suite. 

* It was stated in Mem. Oeol. Surv, Ind., LIII, p. 8, (1928)/that the Krol lime- 
stone extends to the north-west as far as the Bavi river. This must be an accidental 
error, occasioned by the title of Medlicott's memoir. Between Bilas^mr and the Kavi 
river, the rocks bordering the Tertiaries are older than Krol. At Joginder Nagar (32° 
O' : 76° 47 ')f schists, phyllites and quartzites, togeihw: with intrusive poiphyritio 
mnite, are thrust over the Tertiaries. These are either Jutogh, Ghail or Jaunsar. 
The &ol limestones are definitely absent. The equivalent of the Krol rooks is probably 
not seen until Kashmir is reached. 

Gfeol. 8wv. Ind., I^, p. 128, (1931). 
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XI. TECTONICS. 

The most cursory examination of the rocks of the Krol Belt 
shows their extreme complexity of structure. This complexity 
is seen in single exposures as well as in broad views. It becomes 
evident as a result of continued mapping, and may be seen at a 
glance in a rock-slice. 

In places there is such chaos that no rational explanation is 
possible. Objection may be made to the adjective ‘ rational 
It may be maintained that with fuller knowledge, or with better 
exposures in the jungle-covered lower slopes of the hills, the chaos 
might prove to be apparent, and might resolve itself into structures 
more readily explicable. To some extent this objection must 

always hold, but it is less readily applied in describing orogenic 
areas of the type seen in the Krol Belt. Structure is everywhere 
seen by eye to be so chaotically disposed that the fear is that the 
map, however odd, does not adequately show it. For certain 
tracts bordering the thrust-planes, the only ‘ rational ’ explanation 
is one that does not attempt to simplify at the expense of structure, 
in favour of readily understandable sections. Such tracts arc, 
therefore, difficult to represent on the map, partly because the scale 
demands simplification, partly because of an inherent dislike of 
leaving suspicious loose ends and oddly juxtaposed colours. 

No thrusts or faults have been marked on the one-inch maps, 
since almost every plane separating rocks of different hardness, 
and every boundary plane between different stages, is a minor or 
major thrust. The major features have been traced on a separate' 
quarter-inch map. Mate 24. It is these alone that can be liere 
described. 


Thrust'bound Synclines. 

Broadly speaking, the structure of the Krol Belt is that of two 
thrust-bound synclines of Krol (in the east, of Krol and Tal) rocks 
resting on a Jaunsar-Simla slate foundation. 

(1) The Nigali synoline, named after the magnificent ridge that runs south 

from near Guma peak. Tal and Krol rooks occur in a wide syncline, 
with steep northern limb, locally inverted and severed by the Guma 
thrust. The southern limb is attenuated and founded on the Giri 
thrust. 

(2) The Krol Eill-Kamli Dhur synoline. This is more complex, being built 

up of minor synclines and anticlines, often disposing the Krol lime- 
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Atones in outliers. The following chief individual units are recognis- 
able, in order from north-west to south-east ; — 

(a) Paohmunda and Krol synclines. 

(b) Khanog and Rajgarh synclines. 

(c) Narag-Badahu stretch of continuous Krol limestones. 

(d) Kamli Bhar and hill 3,619 feet B 5 mclincs. 

(e) The easterly continuation of the Kamli Bhar syncline with 

enclosed Tal rocks ; thb Korgai syncline. 

This complex of synclines is bounded on the north-east by the Giri thrusts, 
and on the south-west by the Krol thrust. 

The two main dislocations along the belt are the Krol and Giri 
thrusts. The Giri thrust has caused the most havoc, since the 
hard foundation of Jaunsar and Simla slates has been pushed upon 
incompetent Krol limestones. It has produced a series of minor 
thrusts and inversions in the Krol rocks, which are best seen on 
the northern face of Krol Hill. The thrusts are generally parallel 
to the limbs of the folds, i.c., parallel to the bedding-planer of the 
beds making up these limbs. 

The folds do not call for much comment. The Kamli Dhar 
syncline is markedly inverted through 120°, Krol B, Krol A and 
Infra-Krol all dipping to the north in inverted sequence. A 
singular feature of the Krol belt is the nature of the folding within 
the Krol D stage. The limestone bands twist and overfold amongst 
shales in an intricate manner, as may be seen in section No. Ill 
on Plate 26. 

It should be pointed out that the irregular folding of the Krol 
and Infra-Krol rocks is due to their incompetent nature, and can- 
not be considered a feature of piimary structural significance, 
peculiar to the particular zone of rocks that intervenes between 
the belt of Tertiary rocks to the south-west and the phyllite-schist 
zone to the north-east. The rocks concerned had not been 
stiffened up by any previous metamorphism at the time of the 
Tertiary orogenies, and the rapid alternations of limestone and 
shale would naturally permit intricacy of folding. The major 
features arc thrust-sheets, just as is so in the schist zone to the 
north-east. 


Krol Thrust. 

The Krol thrust is the ‘ Main Boundary fault ’ of earlier writers 
who have described analogous areas.^ From Solon to Dadahu it 

^ Middlemias, Mem, Qeol, 8nrv, Ind,, XXIV, pp. 19, 81, etc. (1890). 
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brings Infra-Kxol and Blaini rocks against Subathu, Dagshai and 
Kasauli stages. Further east, Blaini, Jaunsar and Mandhali rocks 
override Subathus and eventually come to lie upon Nahans. It 
marks the approximate boundary between Krol and their foun- 
dation rocks {Himalayan of Medlicott) and the main belt of Tertiaries 
{sulhHimalayan of Medlicott). 

Medlicott did not map this boundary as a fault, since he believ- 
ed that it represented the slightly disturbed cliff face that originally 
MedUc it formed a boundary to the deposition of 

nummulitics, and against which the Num- 
mulitics, Dagshais and Kasaulis were banked. In describing the 
area immediately to the south of Subathu he stated that the 
junction between the Subathu and pre-Tertiary rocks, although 
giving the impression of a great fault line, was in reality undisturb- 
ed, the relative position of the beds in contact on the Boj (modern 
Pachmunda) being what they originally were. This view is cer- 
tainly untenable, since, apart from any question of the Subathu- 
Infra-Krol boundary, the Subathus themselves occur faulted against 
Dagshais and Kasaulis. In considering the nature of the boundary, 
it must be remembered that Medlicott consistently believed that 
not only the one with which we are directly concerned, but also 
other boundaries, such as that between the Middle and Upper 
Siwaliks, in the Markunda nala south of Nahan, were tilted cliff 
faces. Thus on pages 107 and 108, he describes the superposition oi 
Middle Siwaliks on Upper Siwaliks, stating that older observers 
regarded the sequence as natural. He was aware that similar 
puzzling sections had been found in the Alps, and of the usual 
assumption of ‘ prodigious faulting * to account for this abnormal 
superposition. Nevertheless, he finishes up by believing that the 
section was an original contact and that ‘ no fault at all has occurr- 
ed \ Similarly, on pages 116 and 116, he dismisses the northward 
dip of Nahans below pre-Tertiary rocks, near Mussoorie, as ‘ quam 
proTime, an original one \ Medlicott is a difficult writer, whose 
arguments arc not easy to follow, but it is clear that his whole 
position depended on this idea of slightly disturbed contacts of 
old vertical cliff walls against which the Tertiary rocks were succes- 
sively banlved. Below Mussoorie, these old cliffs must have been 
10,000 feet high, because it is the upper part of the Nahans that is 


^ Op» ilif Pt« 2f pp# 88, 84, (1864)* 
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juxtaposed against pre-Tertiaries, and, by hypothesis, the Subathus, 
Dagshais, Kasaulis, and Lower Nahans must all have been previous- 
ly banked up against this wall, only to be covered up with the higher 
Nahans now actually seen. It cannot be supposed that the Nahans 
had overlapped beyond the Subathus in a north-easterly direction, 
and therefore be argued that the cliffs need not have been so high, 
because it is known that Subathus occur in this direction in places 
where the Nahans have never been found. 

I have seen the sections both south of Nahan and below Mus- 
soorie. To my mind, there is no alternative explanation to that 
of the existence of thrust planes. The thrust below Mussoorie 
is the continuation of the Krol thrust. 

The sections in the Makunda mila south of Nahan, near Dhadu- 
wala village, show gently dipping Upper Siwalik conglomerates, 
overlain by highly coloured Middle Siwalik 

a uwala section. < Nurpur ' sand-rock and clays. These clays 

are very soft. It is not likely that they would ever have formed 
a steep cliff. They do indeed form a cliff at the present day, but 
one that is marked out by terraces of earth pillars and highly crum- 
bled sand-rock. Most certainly this sand-rock would have been 
incorporated in the Upper Siwalik sediments, had these been 
deposited, as was supposed, against it. No sign of the sand-rock 
is actually found. The pebbles in the Upper Siwaliks of this 
locality are solely those derived from the Lower Siwalik or Nahan 
sandstones. Neither do the Upper Siwalik rocks show the bright 
colours of the Nurpur beds. 

The present junction between Middle Siwaliks and imderlying 
Upper Siwaliks is a plane that dips northwards at angles of less 
than 46°. It is sometimes parallel, sometimes slightly inclined, 
to the bedding planes of the Upper Siwaliks. If this junction had 
once been vertical, but was later tilted over towards the south, as 
depicted by Medlicott in Figs. 14 and 16 of his memoir, it would 
be expected that, in proportion as the cliff face Assumed parallelism 
with the beds that were originally deposited at right angles against 
it, so must there have been faulting. Medlicott himself speaks 
of ‘ boundless tangential forces ’ (page 110) and yet was unwilling to 
allow even limited reverse faulting to account for this contact, 
remarking that it was a relief to find an escape from the usual modes 
of accounting for such juxtapositions. It would be quite wrong to 
throw aside Medlicott’s ingenious suggestion as being without value, but 
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it is clear that he exceeded its legitimate application in regard to 
the Kjol thrust, and even to the thrust seen at Dhaduwala. 

Medlicott also thought that Nummulitics did not occur to the 
north-east of the area where he had noticed them, a belief that 
was connected with his idea of cliff barriers. Later, Middlemiss 
found Nummulitics on the Tal rocks of Garhwal, and recently I 
have seen them on Krol limestones (page 403), and at Dabra, north 
of the Tons thrust. In aU these cases they are often seen at higher 
altitudes than the Nahans found south-west of the boundary fault, 
and imply an elevation equivalent to their position in the geological 
succession below the Nahans, plus the height difference now seen. 
Some of this elevation of Nummulitics is, of course, due to folding, 
but the folds have only a fraction of the amplitude that would b(i 
required to bring the Nummulitics to the height above the Nahans 
at whicli they now occur. The sliding of a whole zone of rocks 
over a thrust-plane would readily account for this position. 

The recent survey of the Krol Belt has established conclusively 
the thrust condition of the contact between the pre-Tertiary and 
Tertiary rocks, though doubt is still left as 
to the importance of the thrust in the neigh- 
bouihood of Solon. Thrusts in that area are certain, but whether 
the Krol limestones of Pachmunda Hill form an outlier resting on 
an extensively thrust and folded nappe is not definitely proved. 

The most convincing places for demonstrating the low angle 
of contact of pre-Tertiary rocks, with underlying Tertiaries, are 
the following : — 


Recent survey. 


(а) In the Amlawa and Tons rivers, near Kalsi, where Mandhalis rest gently 

upon hardened red shales that are either Dagshai, Nalian or Middle 
Siwalik.^ The dip of the thrust varies from 25° to 35°, northwards. 

(б) Mapping shows the low angle of contact between the Iiifra-Krols and the 

SubathuB between hill 4,217 feet and Dadahu. 

(c) Between height 3,241 feet on the Kawal Khal river and hill 4,633 feet 

Inlra-Krol and Blaini upon Subathus. 

(d) Between the Blaini river and Bhareoh col, Infra-Krol and Blaini upon 

Subathus. 


^ Pilgrim, Mem, OtoL Snrv, Ind,, LIII, p. 60 (1928), regarded these shales as 
Bagshai. They were taken by Oldham to be Nahan. They appear to me to bo either 
Nahan or iffddle Siwalik, being unlike the Bagshais of the type area. It is true 
that the shales are crushed and hardened, under the Blrol thrust, so that resemblances 
may have been rather obscured, but I cannot see that Br. Pilgrim could have had ‘ no 
hesitation ’ in regarding them as Bagshai. The question is immaterial to the matter 
disouased above. In the map 1 have coloured them as Nahan. 
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The thrust is not everywhere of the same gentle hade. North- 
west of Barog railway station it is even inverted for a short distance, 
between the motor road and the 5,800 feet contour, hading south- 
west. For most of the way between Narag and Dadahu, it has a 
very steep hade to the north-east. 

The interpretation of the structure round Solon is one of great 
dilhculty. It will be seen from the map that there is a narrow 
outcrop of Subathu rocks running up the Blaini river towards Solon, 
which is flanked by Infra-Krol rocks, and which itself has a core of 
Simla slates. The relations are shown diagrammatically in Fig. 1 
oil page The Tertiaries arc found to dip, both at steep and 

at gentle angles, beneath the Blaini, Infra-Krol and Krol limestones. 
They are known to rest at Subathu upon Simla slates. Across the 
Blaini valley there is the apparent succession. 

Blaini, Infra-Krol and Krol limestones. 

{Krol thrust, inferred ) . 

Subathus. 

{normal su2)er position), 

Simla slates. 

J( is difficult to supjKise that th<‘ Subathu rocks had been caught 
in two parallel aiul sirungly pinched synclines amongst older rocks, 
because, if this were so, the enclosing older rocks of both limbs of 
the synclines should be the same. In reality, Simla slates are 
found in the middle of the Subathus, while Blaini-Infra-Krol flanlv 
them on either side. The apparent structure is that of a single 
anticline pitching to the south-east, wdth the sequence given above. 
Only by a curious accident could the Subathus have been deposited 
in a bay, bounded by cliflEs of Blaini-Infra-Krol (now represented 
by Krol and Pachmunda Hills), and with a floor of Simla slates. 
Under these circumstances it would be possible to imagine that 
subsequent movement might fold the cliffs of Blaini-Infra-Kjol 
over Subathus, and at the same time, elevate the floor of Simla 
slates. This is the view that Medlicott adopted. It impUes that 
overfolding of the cliffs was negligible near Solon, but great to the 
north-west. It implies also that the cliffs at Pachmunda were 
folded on the south-west side over to the south-west, and on the 
north-east side over to the north-east. 

There is no doubt about the normal unconfonnable superpos- 
ition of Subathus on Simla slates. If the Blaini-lnfra-Erol, with 
outliers of Krol limestone, are found to occur above Subathus, the 
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Fio. 1. — Diagram showing structural relationships north-west of Solon. 
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alternative inference may be made that their position is due to 
thrust faulting, subsequent folding of which has led to the forma- 
tion ©f the Pachmunda outlier and has exposed the underlying 
Subathus in a pitching anticline along the Blaini river and in two 
windows near Solon. The magnitude of translation, on this 
inference, is great, too great probably for those who look only 
at the Subathu/Infra-Krol contact near Barog station. 

It can hardly be doubted that the Subathu/Blaini/Infra-Krol 
contact, north-east of the narrow outcrop of Simla slates, is a 
thrust. The curved nature of the outcrop of the dividing plane, 
with the V pointing north-east, into the valleys, shows that the 
plane is gently inclined. Further, the width of the Subathus 
between the Blaini-Infra-Krol and the Simla slates is very variable, 
expanding with depth. Neither can it be doubted that the contact 
seen south-east of Solon, between hill 4,633 feet and height 3,241 
feet in the Kawal Khal, is also the trace of a thrust-plane. 

It may be held, however, that these two thrusts join up near 
Solon, and do not swing round Pachmunda HUl, as is here supposed. 
Support for the objection could be found in the occurrence of the 
Subathu pisolite near hill 4,819 feet, immediately below the Blaini- 
Infi-a-Krol, from which it could be argued that the magnitude of 
translation could not be great if the original bottom bed of the 
Subathus is still preserved. This bottom bed also occurs in the 
Kawal Khal, where there is every reason to believe the tlirust to 
be important. Its occurrence near the 4,819 feet thrust-contact 
could be regarded as fortuitous. 

The issue is, in some respects, similar to the controversy con- 
cerning the Glarner fold in the Alps, which was at first interpreted 
as a double ‘ mushroom * fold, but was later considered to be a 
yioppc-fold, based on a thrust-plane. I see no evidence apart 
from boring which viill settle the question, but the explanation 
offered of a folded thrust-plane of great extent seems reasonable, 
bearing in mind the magnitude of the extensive thrusts known to 
exist along the Himalayan foothills. 

Some indication that the Krol thrust is more than a minor feature 
is given by the fact that it overlaps th^ Nahan thrust (which separates 
Subathus from underlying Nahans) in an easterly direction. At 

G 
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Nahaa, tke Nakan tliraat ia five miles distaiii from tke Krol thmst. 
At Sataim it disappears, together with the S«tbatha rocks, and 
Tertiaiies rest directly on Nahans. 

One of the most noticeable features of the Krol Belt is the change 
in strike near Dadahii from N. W.-S. E. to nearly oast and west. 
Simflarly, between the 31° and 32° latitudes, north of t)io area describ- 
ed in this report, the strike chang<'S from N. W.-S. E. to nearly 
due north him! south. A careful following of the boundaries between 
the stages in the Tertiaries might disclose the fact that the Krol 
thrust, arid other thrusts separating the Tertiaries from the pro- 
Tertiaries, have caused an extensive tc^ctonic overlap of older rocks 
upon younger, over a distance dependent on the amount of depar- 
ture of tlie outcrop of the dividing plane from N. W.-S. E. My 
own observations amongst the Tertiary rocks were not extensive 
enough to prove the point. 

The actual fold-axes in the Tertiaries appear to follow the same 
general change in strike that is shown by the Krol Belt, since the 
folds probabfy arose as a result of pressures initiated by the fore- 
ward movement of the belt over the Krol thrust. But a detailed 
examination of the fold-axes of the boundary planes between the 
folded stages, may well show that these are truncated by the Krol 
and analogous thrusts. 


6tfi Thrust. 

The Giri thrust is a well-marked feature which has been traced 
from the Gambhar river to north-east of Chandni, where it dies 
out in an anticKnal fold. 

It was noticed by Medlioott, who has shown a part of it very 
accurately. 

North-west of Kandjaghat, the thrust ia steep and separates 
81x1^ slates from Jaunaars. Along the Asbmi river, its dip becomes 
gentler. Simla slates are thrust first over Infra-Krol, and then 
over themselves. The thrust has not been traced between Sunmi 
and Gauhra, but is seen in the Giri river below the Gauhra Rest 
Bouse, where, two facies of the Sin^ slates are separated with 
ddfStosbauce by an inclined fault. Turtiier south-east, the thrust 
tiuncates aa anticline of Bfeini with undeilyiiig Chhaosa, hods 
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beloQging to the Simla slates, in the manner shown in the dia- 
grammatic section beh>w. 



Fju. — Diagramiuutiu scotiuJi along Kawal Khal river (iilaini uliowti in blaok). 

Horizontal scale, 1 inch — 1 mile. Vertical section diagrammatic. 


Tim is a modiiication of tke sections given on pages 12 and in 
Mem. Qeol. Surv. Ind.y LIII, (1928). The Giri fault there marked 
is now regarded as a major feature, and its position has been chang- 
ed from the south-west to the north-east limb of the anticline of 
tSimla slates that runs along the Giri river. If the Blaini of Dud- 
ham should prove to be Mandhali, and if the Mandhalis occur 
normally between the Jaunsar and Simla series, there would be 
no need to postulate the Jaunsar thrust. The section above the 
Giri thrust would be a normal one. 

Mapping is very difficult from height 2,820 feet down to Niwar, 
though the existence of thrusts is defijiite. Below Bongl 4 Jaun- 
Bars dip at 60° to the north-east upon Krol C. Two miles to the 
south-east the thrust is inverted, dips being to the south-weat. 
At Mikin, imbricated Jaunsars and Blaini again dip to the northr 
east at 40°-50° upon Ejol C limestone. Eastwards the dip of tha 
thrust varies. North-west of Kando, uninverted Jaunsars rest 
at a low angle on inverted Blaini. In the Nait ka khala^ the 
Blaini is out out, and Jaunsars overlie an inverted sucoesaien of 
InfrarKiol aod Krol limestones. The Giri thrust then splits up 
into several minor, parallel, thrusts, which eventually die out in 
tha Barbas anticline. 


Tofls TIuriist 

The Tons thrust is a fairly well-marked feature which separates 
Mandhalis and Jaunsars from the underlying Moiar-Chakrata bedt. 
By height 2,206 feet, on the Tons river. Jaunsar rocks occur in the 
6,000-foot scarp on the right btknk, dipping south-west, wliie om the 

o 2 
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left bank occurs the Deoban limestone, dipping apparently to the 
north-east in cliffs and terraces nearly 7,000 feet in height. A 
great dislocation is therefore required to explain the juxtaposition 
of unlike rocks on the two sides of the Tons river. 

In connection with the present discussion, the important point 
is that the Tons thrust dips to the south-west and south. Since 
the Krol thrust dips north waids, it is possible that the two thiusts 
are the same, and that the great syncline of Jaunsar rocks, with 
overlying Krols and Tals, rests as a napp^ on a folded thrust-plane. 
Should this be so, the Krol thrust would be of premier importance 
in the structure of the area. No information is to hand to prove 
the point. 

Below the Tons thrust occur Simla slates, together with soft 
purple sandstones of Dagshai ^ type and Nummulitic beds. Definite 
Nummulitic limestones, associated with vitreous quartzites and 
green shales, are seen at Dabra. It is very probable that the 
lenticular limestones, shattered white quartzites and green shales 
that crop out between the 3,600- and 3,250-foot contours on the 
path from Sarog to Sayasu, arc also Nummulitics. 

To what extent the purple sandstones are Tertiary is impossible 
to determine. At Kailana and along the Seli Gad to the east, 
mottled purple sandstones occur interbedded with the concretionary 
facies so typical of the Chhaosa type of the Simla slates and may 
reasonably be considered to belong to the Simla slates. More- 
over, Dagshai-like sandstones occur as boulders in the Blaini, 
boulder bed, which is without question pre-Tertiary, and is with 
fair certainty pre-Mesozoic, thereby proving that there must be 
at least two series of sandstones of similar typo, one pre-Mesozoic, 
the other Tertiary. It does not follow that all these sandstones 
north of the Tons thrust must belong to the Simla slates, but only 
that they cannot all be Dagshai. 

This occurrence of Nummulitics below both the Krol and the 
Tons thrusts is suggestive of the possibility that they are continu- 
ous beneath these thrusts. The centripetal disposition of Num- 
muhtics below the Inner Schistose series of Garhwal may be recall- 
ed.* It is true that Middlemiss did not favour the idea, which 
he himself brought forward, that the Inner Schistose series occurr- 
ed os a Klippe upon continuously underlying Nummulitics, but a 
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re-examination of the Garhwal area may eventually establish that 
this is 80.1 

The question of the identity of the KjoI and Tons thrusts has 
yet to be settled, but it seems reasonable, in view of the similar 
tectonic sequences on either side of the Jaunsar syncline, to regard 
them as one and the same thrust that has been subsequently folded. 

Small-scale Structures. 

It is unnecessary to describe in detail the varied reactions of 
different rock facies to stress. The following five sketches, all 
drawn from photographs, will give a fair indication of the com- 
plexity that prevails. Reference should also be made to Plate 21, 
fig. 1, and to Plate 22. 

The Siibathus, the Krol B and D stages and the Infra-Krol 
have suffered the most disturbance. The complexity of folding 



3. — Interdigitation of lUaini limestone in boulder beds and slates, loft bank of 
the Jagar ka Klmla, near confluence with Giri. river. 


1 Middlemifls was aware in 1887 of the thrust structures that were at that time 
being discovered in the North-W(‘st Highlands of Scotland, but he considered that tha 
Garhwal area, examined on its own merits, did not warrant similar deductions. It 
is ])osHible that t]\o groat structures found in the Alps predispose geologists to 

And them elsowbere in analf)gouB orogenic belts. Even allowing, however, for such a 
predisposition, and for an unconscious neglect of facts that might negative explanation 
of structure by nappe format on, the undeniable existence of such structures in many 
mountain-chains makes it probable that another interpretation may be put on the struct- 
ures present in Garhwal. 
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sad fr»oture shown by such soft poets when oaught ap itt ofOgOTW 
movements, is greater than that of the older, more induratod 
rooks. Bocks previously converted into quartzites, slates and 
clay-«iates will already have attained a certain degree of stability 
and oompetence before the oncome of the Tertiary orogenies. These 
competent bods would act as structures capable of resolving Hie 
Tertiary stresses into definite directions. This is not so with the 
Subathus, m the soft sandstones and c^les of which adjustment 
to strain has been irregular and without orientation (see Figs. 4 
and 6). 



Fsq. S»*-*Atl«iniated beds of mudstone In shale, Subatkn stage, Gambbar river, one 

mile east of Haripur. 

Induration is not the sole &ctor« The shales and sandstones 
cd the Bagehais are no more indurated than those of the Subathiia, 
b\it yet the Bagshais are folded in a much simpler and more regular 
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rammer. Fartiier, the shales aad limestones of the Krol D etege 
in tl» east of liie area are less contorted than those of the same 
stage near Maiigarh. This may be explained by the fact that the 



Fig. 6. — Shattered beds of limestone in calcareous shale, Subathu sta^e, left haul: 
of Koshallia nodi, two miles E. S. E. of Kalka railway station. 

very regular alternations of thickness of sandstone and shale 

in the Dagshais, and of limestone and shale in the eastern develop- 
ment of the Krol D stage, tend to prevent- unequal redistrib- 
ution of material. Other factors, such as the protective influence 
of the Tal beds on the underlying Krol rocks, are also of im- 
portance. 

The complexity of miniature folds and thrusts in the Mandbali 
limestones (Fig. 6 on page 444) is due to the original lenticular habit of 
the limestone and phyUite, by which the many discontinuous beds of 
limestone would each tend to fold individually within the more 
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general phyllitic matrix. It may be presumed that the greater 
angularity of folding and fracture of the Mandhali limestones in 



10. cm. 


l<^a. 0. — Twisted iontioles of sandy limestone in phyllite, Mandhali beds, 0-G miles 
north of Sataun, Qiri river. 


comparison with those of the Krol A stage (Fig. 7) is due to the 
fact that the argillaceous phase in the Mandhalis was already a 
clay-slate or phyllite at the time of the folding, and therefore 
reacted in a more rigid mauner. 


Age of Thrusting. 

In the Kalsi area, the Krol thrust brings pre-Tertiary rocks to 
rest , upon Nahans. The thrust must therefore be of Miocene or 
later age. 

At Bilaspur, Krol limestones are seen to rest at 30°-40" upon 
Upper Siwalik conglomerates. The latest movement of the thrust 
here cannot be older than Pliocene.^ The same inference applies 

* Thif throat has not been joined op with the Krol thrust of the area included in 
the map. 
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to the thrust at Dhaduwala, south of Nahan, which brings Middle 
Siwaliks to rest upon Upper Siwaliks. 



Fiq. 7. — -Yield of impure limestone, by flow, in calcareous shale, Krol A stage, a quarter 
of a mile W. S. W. of height 3,278 feet, Nera (Newali) nala. Compare with Plate 22 
in which deformation is less. 


In contrast to this dating, Middlemiss^ found that the Upper 
Siwalik conglomerates have overlappexi the Nahans, on to the traps 
of the pre-Tertiary rocks, truncating the Main Boundary fault. 
This proves that the Main Boundary fault of Garhwal was pre- 
Pliocene. Middlemiss also notes that a later reversed fault, in 
the same Gangolia locality, has brought Middle ^^Siwaliks on to 
Upper Siwaliks. The thrusting must, therefore, have continued 
over a considerable length of time. 

A difficulty is raised by the late age of some of these thrusts. 
By Pliocene times, the main drainage system of the Himalaya is 
Morphology believed to have been well established. The 
late Pliocene thrusts must, therefore, have act- 


1 Menu Gtd. 8urv. Ind., XXIV, p. 107, (1890). 
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«d on A V'^ion already largely diaaected mio aeparaite ofograpkioal 
areas. To what extent these ai?oiw> witfc mteryeaing riTOr vaSteya, 
limited the nature of the tectonic structures present in them, will 
be very difficult to decide. Once a river has carved down several 
thousands of feet, it may be presumed that pressures above the 

level of the river must have been confined to the orographical 

units in which they occurred, and must have been relieved by struct- 
ures peculiar to those units. The Krol thrust certainly crosses 
the Tons and Jumna rivers undeflected, so that the whole of the 
Krol Belt must have moved forward as a tectonic unit before the 
rivers had cut down to their present levels and had divided up 
the country into the modem orographical areas. 

Ampferer lias described relief-i>verlhru8iivg in the Alps, by 

which translation of rock masses has taken place over a topography 
previously determined by subaerial erosion.^ The whole question 
of morphology in relation to tectonic history is, however, too 

difficult to discuss here. 


Inclination of Thrusts. 

The inclination of both the Krol and Giri thrusts is found to 
be very variable, in some places being only 20°, in others inverted. 
Mr. P, Lake^ has deduced that the thrust-plane at the base of the 
Himalaya must have a dip, at its outcrop, of 14°. He suggested 
in 1903 that the visible boundary faults of the Uim^ya are pro- 
bably minor thi'usts, since the actual base of a aiodern mountain 
chain would be obscured by the products of its own denudatioa 
(^waliks and modern Ganges alluvium). Dr. Fennor^ has drawn 
attention to a paper by Mr. Middlemiss^, in which the inchnatioti 
of the thrust at Kotli between the Murrees (Dagshais) and the under- 
lying Middle and Upper Siwaliks, is actually 12° to 1£°. This 
tlupust was taken by Dr. Fermor to he the Main Boundary fault, 
and Mr. Lake has accordingly allowed that the real basal thrust- 
plane of the Himalaya does in fact crop out, and at an inclination 

^ Jaiirb. g^. Bundemn«t. Wien, LXXVllI, p. 241. <1928). 

* Geoi. Mag., p. 306, (1903) ; op. til., p. 34, (lt31). thog. Journ., LXXVUI, No. 2, 

p. 

* Bee. Qeol. 8wv. Ind., LXU, p. 410, (1929) 

^Op.cit., L, p. 122, (1919). 
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tisat Agrees with the theoreticai value. Mr. Wadia^ has shown 
that this thrust cannot be consid^ed a boundary fault. It does 
not fonn a limit to the deposition of the Siwalik sediments, and, 
moreover, it teiauiiates a short distance to the northwest in an 
antiolinal fold. The point at issue, however, is not the actual 
nature of the thrust-plane described by Middlemiss, but the vari- 
ability of inclination of most of the Himalayan thrusts. Mr. Wadia 
agrees with me in the experience that a thrust may change greatly 
in dip within a distance of a few miles. The thrusts began, doubt- 
less, with a rapid forward movement, when elastic limit was roach- 
edy but they must have slowed down as this original stress was 
reeved, and as resistance of the underlying and frontal foreland 
became greater. Cadell’s experiments^ have shown that hoii- 
Kontai pressure applied at one point is not propagated far forward 
into the mass, and it seems legitimate to suppose that, in proport- 
ion as pressures in one part are relieved, so would new pressures 
and strains arise in tlie part to which the thrust masses have been 
tranelated. It would be expected that increase in frontal resistance 
would tend to cause the folding of the whole structure of overthrust 
mass, and overridden mass, as a single unit. The original dis- 
position of the thrusts, that might have better accorded with 
theoretical inclinations required for movement along plane surfaces, 
would consequently be obscured. 

Further, the rocks undergoing folding and thrusting are not 
homogeneous, and it would hardly be expected that relief from 
pressure would take place with mathematical perlection. The 
peeistamce offered by the Bohemian tnassif to the advancing Ali)ine 
folds may be cited as an example of the kind of deflection that is 
caused by the local presence of a stiff unit of the foreland. 

The coincidence of the theoretical inclination of 14®, deduced 
by Mr. Lake, with the observed inclination of a part of the Kotli 
thrust must be fortuitous. It may, moreover, be questioned 
whether there is a single thrust, of unique importance, to which 
Mr. Lake’s deductions can be applied. It appears to the writer 
that the conception of a ‘ Main Bouijdary fault ’, and hence of a 
basal thrust-plane to the Himalaya, has been carried too far. It 
arose at a time when the faults were thought actually to mark the 
successive limits of sedimentatioii against the uprising Himalaya, 

^ Mem. CM. 8vrv. Ind., U, Pt. 2, tlS28) ; map at tha ead of Ifamw. 

‘ Trans. Boy. 8oc. Edin.^ p. 887, 
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and when the structure of the pre-Tertiary rocks had not been 
examined in detail. Recent work by Pilgrim, Wadia, West and 
the writer has shown the number of thrusts that actually exist 
in these pre- Tertiary rocks. Some of these cannot be considered 
minor structures, comparable solely with the minor thrusts, as 
distinct from the major thrusts, of the North-West Highlands. 
The Chail thrust of Mr. West is of premier importance. In the 
Himalaya, as in the Alps, it would appear impossible to regard 
any single dislocation or nappe as having borne the whole burden 
of the advance upon the foreland. 


Pre-Tertiary Structures. 

A brief note lias already been published^ in which the existence 
of structures showing a N. E.-S. W., Aravalli, orientation was 
discussed. 

The observations were scattered over a wider area than that 
here described. Actually along the Krol Belt, the following struct- 
ures may be noticed : — 

(1) In the Palor Ka Khala, above Siyim ; conglomerates in the Jaunsar 

series have been crushed, so that the pebbles have been elongated to 
ellipsoids, the major axes of which strike (i0"-240°. The elongation 
is seen on dip sut faces. Along one direction at right-angles to the dip 
surface, the pebbles appear more or less circular. Dip of conglom- 
erates : 30° to E. N. E. 

(2) The Jaunsar phyllites at Shallai are thrown into small-scale folds, tho 

size of mega-ripples, the axes of which vary in strike from 80°-260° 
to G0°-240°. In addition, there arc grooves and striee, on the bedd- 
ing planes of these phyllites, which strike 36°-216°. These resemble 
glacial stria), but are found on close inspection to be minute cross- folds 
running in the direction of dip of tho false cleavage. They appear to 
resemble the grooves described by Dr. Fermor except that they have 
no connection with the pitch of the synclinal fold in which they occur. 
Dip ot phyllites and quartzites ; 30° to S. S. W. 

(3) Tho Blaini boulder bed on the ridge between Juin and Chandpur summits, 

has been made schistose. The direction of elongation of the pebbles 
varies from N. E.-S. W. to E. N. E.-W. S. W. Dip of boulder beds : 
due west. 

(4) The Bchistosity of the Jaunsar quartz-schists, in the Shamanah ka Khala, 

below Andra, strikes 4G°-225°, the shear-cleavage dip being 70° to- 
wards 316°. Dip of quartzites : 66° to S. S. W. 


^Rec. QeoL 8urv. Ind., LXVI, p. 467, (1933). 
» Bom. (3W., XTX, p. 660, (1924). 
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These directions are at right angles to the strike now shown by 
the Himalayan range. They suggest that pressures had formerly 
acted in approximately a N. W.-S. E. direction, which is the same 
direction as that of the pressures responsible for the formation of 
the Aravalli range and its subsequent rejuvenation. 

If the Aravalli range be produced across the Oangetic alluvium, 
it meets the present Himalaya in the region between Chakrata and 
Naiiii Tal. It seems a legitimate assumption to regard those 
structures of N. S.-S. W. orientation in the present Himalaya 
as having been caused by activity along the Aravalli axis. Such 
structures have never been noticed in tlie Infra-Krol and higher 
series, so it may be assumed that the activity responsible for them 
ceased in Blaini times, that is, during the Upper Carboniferous. 

It has already been stated on page 100 that the folding which 
was responsible for the unconformity of Blaini upon Jaunsar rocks 
probably did not have an Aravalli direction. There is therefore a 
certain degree of anomaly, since the Blaini of the Juin-Chandpur 
ridge appears to show this Aravalli orientation. Further, no un- 
conformity of orogenic violence is seen between the Blaini and the 
underlying Jaunsar and Simla series. 

The two sets of facts must be left together and unexplained. 
The commonness of N. E.-S. W. structures in the Himalaya can- 
not be disregarded. Moreover, they camiot be explained by sup- 
posing that their formation was due to strongly rotational Tertiary 
stresses, since the post-Blaini rocks all show a true Himalayan, 
N. W.-S. E., orientation of structure. 

Besides the structures that I have myself recorded from Garhwal, 
Middlemiss ^ nLentions the prevalence in the Kumaon of folding 
and cleavage of pre-Tertiary rocks in a north-south direction, which 
he attributes to an east-west pressure. 

It may be nniiutained with safety that tlie modern Himalaya 
contain relics of structures that were due to earlier, non-Himalayan, 
tectonics. 


XII. ECONOMIC. 

The country is very poor in noinerals. 

It should be remarked that in no instance has any mineral been 
seen to occur in sufficient quantity to justify exploitation. 


1 Mem. Qtol. Surv. Ind,, XXIV, p. 126, (1890). 
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Barytes^ 

Barytes occurs, or may have occurred, in the fottowing loca- 
lities. lu all cases it is found in the older rocks. 

(1) A disooDtinuouB vein of barytes occurs in the Simla slates near hiU 3901 

(30° 68' SO'' : 7T® 1' 15^), two miles E. S. B. of Subathu, on the border 
of BharauK and Baghat State. It is about four feet thiek and occurs 
along a fault-plane. It can be traced sporadically for about a mile 
to the south-east. The barytes contains galena, Imt in very small 
amount. The old workings are now almost overgrown with veget- 
ation. 

(2) l>r. A. L. Coulson has drawn my attention to references concerning old 

lead -mines in the same neighbourhood, and 1 have drawn verbatim 
from the information he has coheoted. 

* Kelly ^ and Qenwood ‘ have described mines not far trom this 
neighbourhood, but they have made no mention of beu^ytes.* BnIM, 
however, gives three localities whore ores of lead are said to occur. 
It is thought that the first of these, namely, to 3 miles south- 
east of Huriapur is the locality mentioned by Mr. Auden.® “ Huria- 
pur ” is probably the village “ Haripur ” (31° 01' ; 7#° 69') on sheet 
63 A/10. BaU adds 

** traces of load ores with barytes are said to occur to the east of 
the suspension bridge, as far as the Sairan dak bungalow, on 
the Simla road, but (that) they do not occur to the west.*" 
Sairan is probably Sair (63 E 4, 31° 06' : 77° 03'), on the track 
from Subathu to Simla.' 

(3) An old working is seen in a ncUa which joins the Kawal Kind at 30° 50' 

SO'' : 77° 10' 20", Patiala Sta4ie. It is in Simla slates. No trace ol 
ore was seen and the villagers have no recollection of what was obtain- 
ed. 

(4) In the Jagar ka Khala, Sirmur State (30° 37' 30^ : 77° 23'), smaU veins 

of barytes are found in the Blaini boulder bod. The barytes is much 
mixed up with shale and eferveeoes with aokL Specifio gravity, 
3*94. No galena was seen. 

GypMioL 

6}rpBum is found in the Erol limestones in the following local- 
ities : — 

(1) Near Bhannrari, Sirmur State (30° 47': 77° 14'). Small pockets of 
gypsum occur in Krol ]> limestone. These are probably replacement 
pockets. 

i Min, Jown., pp. 69^00, (1869). 

* Oj>, ciu, fp* 67, 471. 

• Of. La Touche, Bibliography, Pt. IB, p, 19. 

^Kcon. Otol., p. 306, (1881). 
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(2) Ridana, Sirmur State (»' 33' 33* : IV 44' 81'). A lenticular Insd of 
gypsum* 20 yards long and a maximum of 18 inches in thickucss 
occurs in Krol A limestone. The specific gravity of some of the material 
gave the vahie 2*705, so that there is probably an admixture of gyp- 
sum Okfid anhydrite. The greater part of the mineral is gypsum, with 
specific gravity of 2*306. The deposit appears to lie an original one, 
and uot du^ to roplaccmont. 

Seepages. 

In 1928, hhe Maharaja Sahib of Baghat Sta1^e aflked me to 
examine some reputed occairrenees of iron, near Harat. The 
mati^rial is ferric hydroxide, and occurs as seepages from the Infra- 
Krol slates. Such seepages are found all along the outcrop of the 
lufea-Kiols, but do not indicate anything of economic interest. 
White salty efflorescences often occur on the black liifra-Krol slates. 
Analysis shows them to contain the following radicles : — Cl, SO.,, 
K, Mg, Ca, and Fe. 


XIM. LIST OF PLATES. 

Plate 17. — Kamli J)har and Giri river, from near Chandni. Height (iifferenee, 
4,750 feet. Mandbali, Jaunsar and Krol series. 

Plate 18* — Guma peak, 8,098 feet from Kigali Dhar. Syncline of Upper Tal 
qtiartzitcs and shales, with vortical northern limb. Krol lime* 3 toneB 
on Guma. 

Plate 19*— Overfold in Krol D stage. View of Mangarb village, with Bharan, 
Sainbar and 6,687 feet hills in distance. 

Plate 2(K — Figk 1.— Blrfni boulder bed, confluence of Blaini and Gambhar 
rivers. 

Fig. 2. — Bouldm* of tillite in Blaini boulder bed, Blaini river, one- 
third of a mile £. N. E. of Katiara. 

Plate 21. — Fio* 1. — Fault zone in Krol A limestones and shake, Giri river, 
three-quarters of a mile north of Dadahu. 

Fig. 2. — Steeply tilted ripple-marked Jaunsar quartzites, Giri 
river, one mile below Narail. 

Plate 22i— Deformation of Krol A limestone and shale by flow, a quarter of a 
mile W. S. W. of height 3,278 feet. Nera (Newak> naU. 

Plate 23. — Dark, current- bedded, sandy limestone overlying pale quartzites. 

Upper Tals. Current bedding concave upwards. Kigali Dkar, 
three-quarters of a mile north-east of Koti Dhaman. 

Plate 24. — Fig. 1. — Map of chief thrusts and faults. Scale, one inch to four 
miles. 

Fio. 2. — Sketch map showing relationship between formattom. 
Soak, one inch to four miles. 

Plate 25^ — Map of Krol Belt, with Sections I- VI. 
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XIV, LOCALITY INDEX. 


Latitude. Longitude. 
0/0^ 


AjRa . 



• 



• 

30 

60 

77 

12 

Altau . 







30 

36 

77 

46 

Andra . 







30 

36 

77 

44 

Arki 







31 

09 

76 

68 

J^adgala 







30 

60 

77 

16 

Badhaiia 







30 

33 

77 

49 

Bansa . 







30 

41 

77 

44 

Banog . 







30 

28 

78 

01 

Barbas 







30 

36 

77 

39 

Barog . 







30 

63 

77 

06 

Barog . 







30 

62 

77 

13 

Bharcch 







30 

68 

77 

02 

Bharli . 







30 

33 

77 

46 

Bhaunrari 







30 

47 

77 

14 

Bhedal 







30 

41 

77 

39 

Bias 







30 

32 

77 

64 

Bilaspur 







31 

20 

76 

46 

Bongli . 







30 

43 

77 

19 

Chakrata 







30 

43 

77 

62 

Chandni 

, 






30 

36 

77 

32 

Chandpur HilJ, 8,301 feet 






30 

43 

77 

40 

Chhaosa 







31 

0 

77 

03 

Chiyanra 







30 

40 

77 

26 

Chiyuu 







30 

34 

77 

20 

Chorani 







30 

36 

77 

56 

Dabra . 







30 

40 

77 

49 

Dadahu 







30 

36 

77 

26 

Dadhag 







30 

39 

77 

24 

Dagshai 







30 

63 

77 

03 

Dagura . 







30 

37 

77 

67 

Dhaduwala . 



9 




30 

32 

77 

17 

Dhagali 



* 




30 

33 

77 

46 

Dhaira 



• 




30 

33 

77 

50 

Bhanda 







30 

32 

77 

47 

Bbari . 







30 

68 

77 

06 

Domehr (Damehr) 







31 

01 

77 

04 

Dudatoli 







30 

06 

79 

12 

Dudham 



• 




30 

63 

77 

14 

Gaurba. 



• 




30 

64 

77 

13 

Gubsar 



• 




30 

41 

77 

34 

Guma Hill, 8,.098 feet 







30 

41 

77 

32 

Haripur « 



• 




31 

01 

76 

69 

Hiyun . 



« 



• 

30 

36 

77 

31 

Jaxnthali 



• 



• 

30 

38 

77 

26 



Past 4.J 


453 


Ausw { QtAvmi V Kfm Bdt. 


Juin Hill, 8,493 feet 

Kadhar 

Kalka . 

Kalsi . 

Kamli Dhar . 
Kandaghat • 

Kando . 

Kandon . • 

Kasauli 
Katiara 
Khadayat 

Khanog HiU, 6,617 feet 
Khur , 

Xorgai 
Kotla . 

Krol Hill, 7,393 feet 
Koti Dhaman 
Kyari . 

Lakhwar 
Lagaaap 
Lansdowne . 

Mangal 

Mangarh 

Manogi 

Mareog. 

Masria . 

Milan . 

Milla . 

Mina! Bag 
Miahwa 
Morar . 

Naga Tibba . 

Nagthat 
Narag . 

Narail . 

Naraya. 

I^iwar . 

Fathna 

Bajana 

Rajgarh Hill, 6,941 feet 
Rerli . • • 

Bainbar Hill, 6,714 feet 
Sahiya . • • 

Salogra. • • 

Sataun • • 


Latitude. Longitude. 



0 

t 

0 

/ 


30 

42 

77 

36 


30 

67 

77 
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30 

60 

76 

57 
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77 
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77 

31 


30 

58 

77 
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30 

38 

77 
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30 

33 

77 
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30 

54 

76 
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30 

58 

77 

08 


30 

39 

77 
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30 

53 

77 

07 


30 

39 

77 
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33 

77 
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39 

77 
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80 
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77 

06 


30 

38 

77 
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43 

77 
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77 
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30 

54 
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41 

77 
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30 

45 

77 
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30 

36 

78 
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30 

53 

77 
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30 

51 

77 
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30 

41 

77 
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30 

40 

77 
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30 

37 

77 
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30 

37 

77 
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30 

40 

77 
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30 

36 

77 

50 


30 

34 

77 

58 


30 

49 

77 

11 


30 

43 

77 
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30 

40 

77 
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30 

48 

77 

17 


30 

33 

77 

47 


30 

40 

77 

27 


30 

63 

77 

10 


30 

41 

77 

25 


80 

46 

77 

15 


30 

37 

77 

53 


30 

66 

77 

08 


30 

38 

77 

38 
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Senj 

8haii peak • 

ShaUai . 
Shalamun 
ShiVa Kalan 
Stynn . • 

Boat Hill 
Solon • 
Snbathn • 

Sonny (Sonnn) 
Tikar . 

Tikari • • 

Udpalta 


Heights 

1,808 feet • • 

2,206 feet 
2,820 feet 
8,241 feet 

8,278 feet • • • 

8,619 feet 
4,217 feet 
4,633 feet 
4,810 feet 
4,060 feet 

6,458 feet . . , 

6,474 feet . • • 

6,025 feet 

7,005 feet • • • 

7,216 feet « 


Latitode, Longitude. 



0 


• 

/ 


80 

59 

77 

08 


81 

12 

77 

17 


80 

40 

77 

42 


80 

52 

77 

14 


80 

84 

77 

45 


80 

42 

77 

22^ 


80 

41 

77 

26 


80 

55 

77 

07 


80 

58 

76 

50 


80 

56 

77 

10 


80 

42 

77 

30 


80 

80 

77 

25 



80 

8? 

77 

54 


80 

44 

77 

43 


80 

50 

77 

15 


80 

50 

77 

10 


80 

80 

77 

88 


80 

86 

77 

28 


80 

84 

77 

20 


80 

51 

77 

08 


80 

57 

77 

02 


80 

58 

77 

03 


80 

84 

77 

43 


81 

00 

77 

06 


80 

40 

77 

54 


80 

40 

77 

20 


80 

40 

77 

80 



Fast 4.] M. S. Ebisrkai;: Crush Congiotnerate$ of Dhanoar Age. 45& 


On some Crush Conglomerates of Dharwar Age from 
Chota Nagpur and Jubbulpore/ By M. S. Krishnan,. 
MA. (Madras), Ph.D. (London), A.R.C.S., D.I.C., 
Assistant Superintendent, Geological Survey of India. 
(With Plates 26-29.) 


introduction. 

In this paper are described some crush conglomerates occurring 
in the Gangpur State of Bihar and Orissa and in the Jubbulpore 
district of the Central Provinces. In both cases they form part 
of the Dharwar sequence. Conglomerates from other parts of 
India and from similar formations have been described, except in 
a few cases, as of autoclastic origin. It is the aim of the writer 
to show that those dealt with here are of sedimentary origin, though 
locally, the crushing and shearing have been so intense as to ob* 
literate the original nature and impose autoclastic characters. 


OCCURRENCE AND QEOLOQICAL RELATIONSHIP- 

In Gangpur State a very conspicuous zone of conglomerate 
occurs at the top of a sequence of Dharwar rocks consisting of 
mica-schists, phyllites, manganiferous rocks of the gondite tyi)e, 
dolomitio and oalcitic marbles, and carbonaceous phyllites and 
quartdtes. This zone forms the southern border of the Gangpur 
anticUnorium and stretches almost continuously from near Jaraikela 
(22® 18' : 86® 7') to Bamra (22® 3' : 84® 17'), one to three miles 
north of the Bengal-Nagpur Railway track connecting the above 
two stations. Some outlying outcrops belonging to the same zone 
ooour near Eolpotka (22® 22' : 85® 6') on the east, and at Bijadih 
(22® 4' ; 84® 16') and Amasranga (22® 1' : 84® 11') on the west. 
This has a general E.-W. stj^e which varies at either end to 
E. N. E--W. S. W., and a dip of 76® to 90® towards the south. 

^ Paper read before the Geology Seo^a of the Twentieth Seesion of the Indian, 
fioienoe CongreeB, Patna, (1933). 
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Id this region other conglomerate zones occur in association 
-with masses of quartzite forming the Gamburu-Durgapata ridge in 
the south-eastern corner of sheet of 73 B/S. E., and in the Bhaisa- 
munda pahar (22® 2' : 84° 46'), a few miles to the west of the former. 
Ihese are believed to be members of the Tron-ore B«ries. dip 

is fairly steep towards the north and the strike the same M that 
of the first zone, i.e., nearly E,-W. 

In the Jubbulpore district of the Central Provinces, conglom- 
■erates occur in the area to the east and E. S. E. of Sleemanabad 
(23° 38' : 80° 15'). The main formations here are dolomitic marbles 
and mica-schists in which a few bands of conglomerate are found. 
These bands vary in thickness from a few feet to about a hundred 
feet. The two thickest ones are situated one mile south of Bhitri- 
garh (23° 37' : 80° 25') and a quarter of a mile north of Ghunsa 
f23° 35' : 80° 21'), respectively. Other thinner beds are found near 
Mehgawan (23° 39' : 80° 22'), Durghati Piparia (23° 38' : 80° 24'), 
Bhadanpur (23° 34' : 80° 22') and Sahdar (23° 34' : 80° 23'). 

The formations in the Jubbulpore area were originally consid* 
eted as belonging to the Bijawars^ by C. A. Hacket, but sub- 
sequent examination by Dr. L. L. Permor led to their inclusion in 
the Dharwars.^ In addition to their approximate identity in age, 
there is a great deal of similarity in the lithology of the rocks in 
Jubbulpore and Gangpur. But, as is common with rocks of Pre- 
-Gambrian age occurring in widely separated areas, a direct correl- 
ation connot be made with any degree of certainty. 


Description of the Conglomerates. 

The general mass of rook in the main band in the Gangpur area 
is a medium-grained, micaceous qnartz-sohist with quartz and sub- 
ordinate muscovite as the chief oonstituents. When followed 
along ^e strike, the conglomerate bed shows some vanataon in 
thickness and sometimes grades into grit^ sohistB. The ty^oal 
rock shows a number of flattened pebbles in a mass oonsisting of 
Ane^grained, highly quartzose, micaceous schist. The bonndaafies 
of the pebbles are gasetally dekn and maidced by filtna of musco- 
vite. The pebbles ax« -flat ellipsoidal in diape, the flat faces lyfa g 
on dw diear-piane and somethnes showing sUcksnsidss. • 

* HaoktS’s mamiMript le wti for the WMoiis >1BOO-70 and 1870-Tl. 

* Metn. Otol. 8urv, Ind.^ XXXVII, p, 805, (1900). 
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Type A. 

Bpeoimens belonging to this type are best termed gritty quartz- 
schists containing no pebbles of comparatively large size. They 
form a transition between quartz-schists on the one hand and 
conglomerates on the other. They show a schistose structure 
(Plate 28, fig. 1) and medium to coarse texture. A small quantity 
of muscovite is interspersed among the grains, and sometimes films 
of this mineral show slickensides as evidence of shear {e.g., speci- 
mens 38-69, 38-147, 38-166, 1 etc.). 

Under the microscope the quartz grains are seen to be of various 
sizes, with a distinct tendency to parallelism of arrangement. Some 
are quite rounded, while others are sub-angular or angular. The 
larger grains are surrounded by finer ones and all generally show 
undulatory extinction. 

Type B 1. 

Under this type are included conglomerates and crush breccias 
of the Gangpur region. All of them are predominantly quartz- 
conglomerates, the pebbles being made up of quartzite, micaceous 
quartz-schist, translucent vitreous quartz and fine-grained biotite- 
schist in the order of diminishing abundance. Occasionally, tourm- 
aline-quartz-rock is also found as pebbles (40-86). 

The type illustrated by specimen 43*207, which was collected 
from the foot of the hill on the Singhbhum-Gangpur boundary near 
Baliam (22° 8' : 86° 1'), is properly called a crush breccia. It is 
variegated in appearance, the groundmass being dark greenish 
grey and the pebbles white to grey. The groimdmass contains 
chlorite, sericitic matter, some biotite and magnetite (Plato 28, fig. 2). 
The pebbles are of translucent quartz, white to pinkish quartzite 
and banded blue-grey quartzite. Specimen 37-949, from the hill 
one mile north of Bisra (22° 16' : 86° O'), resembles the above but 
is somewhat more sheared. The groundmass contains a little 
tourmaline in addition to the minerals seen in the other specimen. 
Another specimen (44-170) collected from near Eusumdih (22° 1' : 
84° 46') is rather less crushed than the two mentioned above. 

Type B 2. 

Under this may be included all the other occurrences of con- 
glomerate in the Gangpur region, as practically all of them show 

1 Numben saoh as S8-59 reler to the registered speoimens in the rock ooUeotions of 
the Qeologioal Survey of India. 

I 



458 


^ Ab €MegiM B^rvi^ Bf Indik. [ Tol. LXVXI. 


the effect of inteiiBe shear. S^ecHoens broken across the schistosily 
reveal Icmg, kntioular, inter-digitatuig pebbles, cemented by qnartzose 
and micaoeoias material The pebbles aze of sacchatoidal quarteite, 
moscovitie quarts-schist, biotite-qnartz-sohist and oooaaioiially even 
phyOite (37*948 ; Plate 28, fig. S). Occasional pebblee of granite 
(Fbte 28, fig. 4) were noted in the exposures near Eolpotka (37*888 
and 37*889), and of touiznaline-quarta-rook in the Mahabir pahBr 
{iT 8' : 84° 21'). In a few oases, there is little or no difiorenee 
between the nature of some of the pebbles and that of the ground^ 
mass [ 40*94 from near Salebira (22° 6' ; 84° 13'), and 40*160 from 
the ridge just to the north of Bhaisamunda pahar ], so that theee 
pebbles are undoubtedly of autoolastic origin. 

In the Jubbulpore area, the ooourrenoes can conveniently be 
classified into three types of conglomerate and one of brecoia. 

Type C i. 

the ridges near Bhitrigarh, Ghunsa and Durghati Piparia all 
consist of conglomerates containing large pebbles of quarteite, which 
sometimes attain to a length of about twelve inches. The average 
size is, however, between three and six inches. Specimen 44*41 
(Plato 26, fig. 1) is a good example of this, collected from a quarry 
near Durghati Piparia. The pebbles in this are well rounded, 
apparently by the action of water. Their surfaces are generally 
smooth and clean. The groundmass is composed of fine-grained 
quartz with a little sericite and ferruginous matter and occasional 
small cubes of pyrite. Compared with the others, this type 
seems to have undergone the least amount of crushing. 

Tjfpe 0 2. 

This is foimd in some of the smaller ridges, and particularly 
the one near Mehgawan (specimens 44*42, 44*48, 44*49). He 
effect of crushing is evident in the broken-up sub-angular pebbles 
(Plate 26, fig. 2), some of which have been recemented after a little 
differential movement. Secondary vrinlets of quartz can be seen 
to run through the groundmass and pebbles uninterruptedly. 
Under the microscope (thin sections 21933, 21937^), the larger grains 

i Kaitibm incli m 2iaaS, etc., refer to the registeced asniber of the tidii Motion in 
the ooUeotioDa of the C^logioel Survey of India. 
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of (juartz axe seen surrounded by dnelj granulated material ^Plate 29» 
fig. 1), wliich consists of quartz, chlorite, sericite and ferruginous 
matter. The pebbles are of quartzite and chalcedonic quartz or 
cji^rt. It is interesting to note that the latter, on weathering, 
become opaque and granular and indistinguishable from quartzite. 


Tffpe Q 3. 

The band occurring near Sahdar, which is about twenty feet 
thick, shows sub-angular pebbles of quartz and banded hsematite- 
quartzite (Plate 27, fig. 1, specimen 44-44). The rock is grey in 
colour. Under the microscope (thin section 21935, Plate 29, fig. 2) 
the banded structure of the pebbles is well seen. The iron-ore is 
bright steel-grey in reflected light, granular in texture with a fairly 
marked tendency to develop crystal outlines. It is not magnetite 
since it is not attracted by a magnet. The quartz of these pebbles 
is fine-grained apd granular and varies somewhat in size in different 
bands. 


Type Z). 

This type, represented by specimen 44*39 (Plato 27, fig, 2), is a 
breccia forming the main mass of the ridge situated about a third 
of a mile north of the original site of Amehta village (23° 39' : 80° 23'). 
A rest house of the Irrigation Department has recently been built 
op this ridge. The rock is composed of white quartz, which cements 
the broken fragments and wisps of a dark blue-gjrey quartz of an 
earlier age. The colour of the latter is seen under the microscope 
to be due to dusty black inclusions (section 21930). 

The dark quartz seems to have been fixst brecciated, and into 
this the white quartz injected at a later date. The latter, which 
is of the nature of vein-quartz, has been injected more than once, 
as earlier veins are often seen to be intersected by later ones. 


OTHER ANCIENT CONOLOMBRATES IN INDIA. 

A large number of occurrences of conglomaratoB has been re- 
corded from rocks of similar age in different parts of India^ a fairly 
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large proportion of which being from Mysore. The majority, 
including the all the Mysore occurrences, have been assigned to the 
autoclastic group. 

Bruce Footed has described several conglomerates and boulder 
beds in the Lower Transitions of the Bellary district, Madras. 
They have all been regarded by him, presumably, as sedimentary. 
Dr. L. L. Fermor^ has observed a conglomeratic grit xmderlying 
the manganese-ore band at Ukua and Balaghat in the Central 
Provinces. It is regarded as a metamorphosed conglomeratic grit, 
containing pebbles of white quartz, granite and gneiss set in a 
matrix which resembles mica-gneiss in general composition. Mr. 
J. M. Maclaren*, working in the Tungabhadra region in Southern 
India, came across some boulder beds and conglomerates in which 
the pebbles and boulders of granite, aplite, quartz-porphyry, quart- 
zite and banded jasperoid quartz are found embedded in a schistose 
felspathic matrix with some chloritic matter. These have been 
classified by him under sedimentary rocks. Some conglomerates of 
the AravalU system, described by Dr. A. M. Heron^, and qppiiiMd 
by him as of sedimentary origin, occur at Rewasa in Rajputana 
and contain pebbles of white quartz, pale and dark grey quartzite, 
white grit and mica-schist, in a matrix of biotite and chlorite and 
euhedral grains of magnetite. The pebbles are flattened along the 
foliation planes. Dr. J. A. Dunn® has recently ascribed a sedi- 
mentary origin to sheared conglomerates, similar to the Gangpur 
ones, occurring in North Singhbhum. He considers them to have 
been deposited during periods of inter-volcanic erosion. 

According to Sir Henry Hayden®, the Lower Haimantas in the 
valley of the Lipak river show a crush conglomerate. The quartz 
pebbles found in a matrix of biotite-schist are believed by him to 
represent portions of veins which have been broken up by intense 
crushing. A basic dyke in the neighbourhood is also said to have 
been similarly converted into strings of pebbles. These occurrences 
have, therefore, been regarded as truly autoclastic. 

Sjeveral occurrences of conglomerate have been reported from 
Mysore. Those which were examined prior to about 1908 were 


1 Mem. Oeol. 8urv. Ind., XXV, pp. 80, 87, 1P6-107, 140, (1895). 
» Op. cU., XXXVn, Pt. 2, p. 311, (1909). 

» Eec. Oeol. 8urv. Ind., XXXIV, p. 108, (1906). 

* Mem. Oeol. 8u^. Ind., XLV, Pt. 1, pp. 17, 22, (1917). 

•Op. c«., LIV, 82-85, (1929). 

XXXVI, Pt. 1, pp. 11-12, (1912). 
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described as sedimentary, but since then, under Dr. W. F. Smecth’s 
inspiration, all of them have been one by one transferred to the 
autoclastic group. Those found later have all been described as 
autoclastic. Mr. C. S. Middlemiss^ has remarked on the vigour 
and unanimity with which the autoclastic origin has been advocated 
and adopted, and on the unacceptability of these conclusions at 
least in their entirety. He has also pointed out that Dr. Smeeth 
himself was apparently getting rather tired of the ‘ hornet’s nest ’ 
of autoclastic conglomerates which he had raised. ^ Among these, 
particular mention may be made of the Kaldurga conglomerate. 
Bruce Foote® thought that they were clastic. Mr. H. K. Slater^ 
left their origin as doubtful, but Dr. Smeeth® gave a decisive opinion, 
favouring the autoclastic origin, which was later confirmed by Mr. 
P. Sampat Iyengar® as the result of a very detailed study. In 
his annual report for the year 1909-10, Dr. Smeeth'^ describes 
briefly the Mallapanhalli, the Gudad-Rangavanhalli (G. R.) formation, 
the Aimangala and the Kolar conglomerates, to all of which he 
assigns an autoclastic origin. Other rocks of the same nature 
have been studied by Messrs. H. K. Slater®, P. Sampat Iyengar®, 
B. Jayaram^®, A. M. Sen^^, and B. Balaji Rao^® in different parts 
of Mysore. 


DISCUSSION AND CONCLUSION. 

The criteria for distinguishing autoclastic from crush conglom- 
erates of sedimentary origin are generally difficult of application 
in the field where highly folded and metamorphosed sediments are 
concerned. Crush conglomerates generally occur at the junction 
of dissimilar rocks — dissimilar particularly in their physical charact- 
ers, such as hardness and plasticity under stress. The harder 
rock is broken up into fragments, while the softer is milled and 


1 Presidential address to the Geology Section, Fourth Indian Science Congress, 
Bangalore. Proc. As. 8oc. Bengal, N. S. XIII, p. exovi, (1017). 

• Rec, Mys. Oeol, Dept., XII, p. 38, (1912). 

• Rec. Oeol. Surv. Ind., XV, p. 196, (1882). 

• Rec. Mys. Oeol. Dept., VII, Pt. 2, pp. 1-4, (1906). 

• Op. dt., XIV, jp. 26, (1916). 

• Op. cit., XV, R. 2, pp. 107-116, (1916). 

» Op. cit., XI, pp. 1-67, (1910). 

• Op. cit., XII, Pt. 2, 26-29, (1912). 

• Op. dt., XII, Pt. 2, pp. 64-66, (1912). 

Op. dt., XTV, pp. 93-94, (1916). 

Op. dt., XIV, pp. 160-162, (1916). 

1* Op. cU., XXV, p. 88, (1926). 
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fdiaied and forms the matrix in which the fragmente of the hurmier 
get lodged. Under the intense crushing and shearing to which 
the ancient rooks have generally been subjected, the <H:iginal depos- 
itional structures, if present, would obviously have been more or less 
oblit^ated. If the pebbles can be proved to have been contrib- 
uted by rooks (d later age than the matrix in which they are foond, 
the rock must evidently be a pseudo-conglomerate. The presence 
of igneous rocks of an age lator than that of the matrix is useful 
in this connection, particularly if unorushed bands of these lie con- 
tiguously with the crushed portion. This is exemplified in the 
CCM6 of the Bpiti and the Kaldurga rocks which have been refecrrod 
to above. 

In the conglomerates dealt with in the present pap^, the Dur- 
ghati Piparia rock (C 1) seems to the writer to be an undoubted 
sedimentary conglomerate. Among the occurrences described, this 
shows the least amount of crushing. At other places along tiie 
same band, more crushed portions can be seen. The occurr^ice 
at Sahdar {C 3) shows semi-angular pebbles of iron-ore-quartsite. 
Th^e are no rocks of this nature in the immediate neighbourhood. 
It seems reasonable to think that the fragments have been trans- 
ported by water from their original source, wherever it joaight have 
been. Leaving aside type D, which is of the nature of an igneous 
breccia, the other rocks in the Jubbulpore area show progressive 
stages in crushing. 

In the Gangpur area, the pebbles of the conglomerate are found 
to be of varied nature — biotite-schist, quartzite, tourmaline-quartz- 
rock, and rarely granite. In the field, the conglomerates have 
the appearance of those due to epiclastic origin. No example 
has been found in which an uncrushed vein or band passes into^a 
string of pebbles in the conglomerate. In a few oases, however, 
as in the minor lenticular bands amidst the quartzites of the Gam- 
buru-Durgapata ridge, the conglomerates may be autoclastio, as 
the pebbles in some cases are seen to be identical in composition 
With the matrix. 

From this study it is oonchided that practically all the eases 
represent conglomerates of original sedimentary origin. In places, 
the sedimeniaxy characters have been obscujcad by ditense crushing 
and shearing. The breccia at Amehta is of a special type, while 
a few minor ocourrenoes in the south-eisst of Gangpur seem to be 
autoolastic. 
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EXPLANATION OF PLATES. 

Platb 26, Fig. 1. — Conglomerate with large rounded pebbles, Durghati Piparia, 
Jubbulpore. Specimen 44*41. Negative 4370. 

Fig. 2. — Conglomerate with sub-angular pebbles, Bhitrigarh, Jubbul- 
pore. Specimen 44*42. Negative 4372. 

Plate 27, Fig. 1. — Conglomerate with pebbles of dark, banded iron-ore-quart- 
zite, Sahdar, Jubbulpore. Specimen 44*44. Negative 4373. 
Fig. 2. — Brecciated dark quartzite cemented by white quartz, ridge 
near Amehta, Jubbulpore. Specimen 44*39. Negative 4371. 
Plate 28, Fig. 1. — Schistose conglomerate. Parallelism of muscovite flakes. 

Crossed nicols. X 26. Section 19996. Negative 1787. 

Fig. 2. — Showing coarser quartz surrounded by finer granulated quartz. 

Crossed nicols. X 26. Section 21389. Negative 1790. 

Fig. 3. — Showing patches of phyllite. Crossed nicols. x26. Sect- 
ion 19838. Negative 1786. 

Fig. 4. — Showing patches of phyllite and a granite pebble with plagio- 
clase. Crossed nicols. x26. Section 19902. Negative 
1786. 

Plate 29, Fig. 1. — Coarse pebble with a vein of quartz surrounded by finely 
» granulated quartz. Crossed nicols. X26. Section 21933. 

Negative 1782. 

Fig. 2. — Showing pebble of banded iron-ore-quartzite. Crossed nicols. 
X26. Section 21936. Negative 1784. 
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GROLOGICAL SURVRY OR IJVR>IA, 



JAUNSAR AND KROL SERIES. 



Records. \’ol. LXVII, PI- 18 



Audtttj Photo. 

GUMA PEAK, 8,098 FEET, FROM NIGALI DHAR. 8VNCLINE OF UPPER TAL QUARTZITES AND SHALES, 
WITH VERTICAL NORTHERN LIMB. KROL LIMESTONES ON GUMA. 



GEOLOG/CAI SURVLY O/^ h\I)/A. 



OVERFOLD IN KROL D STAGE. VIEW OF MANGARH VILLAGE, WITH BHARAN, 8AINBAR, 
AND 6,687 FEET HILLS IN THE DISTANCE. 



GEOLOGICAL SURVEY OF INDIA, 


Records, Vol LXVII, PI 20 



FIG 1 BLAINI BOULDER BED, CONFLUENCE OF BLAINI AND GAMBHAR RIVERS 



GEOLOGJCAL SURIEY OP JXDIA 
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Records, Vol. LXVII, FI. 



DEFORMATION OF KROL A LIMESTONE AND SHALE BY FLOW, ONE-QUARTER OF A MILE 
W. S. W. OF HEIGHT 3,278 FEET, NERA (NEWALI) NALA. 




Auden, Photo G. S I , Caicutta. 

DARK, CURRENT-BEDDED, SANDY LIMESTONE OVERLYING PALE QUARTZITES, UPPER TALS 
CURRENT-BEDDING CONCAVE UPWARDS NIGALI DHAR, THREE-QUARTERS 
OF A MILE NORTH-EAST OF KOTI DHAMAN 



GEOLOGICAL SC/E FEY OF INDIA, 


Records, Vol. LXVII, PI. 26. 



FIG. 1. CONGLOMERATE WITH LARGE ROUNDED PEBBLES, 
DURGHATI PIPARIA, dUBBULPORE 



P L Dutty Photos, G, S, /., Calcutta. 

FIG. 2. CONGLOMERATE WITH SUB-ANGULAR PEBBLES, 

BHITRIGARH, JUBBOLPORE. 



GEOLOGICAL SURVEY OE IJVL>IA. 

Records, Vol. LXVII, PI. 27. 



FIG 1 CONGLOMERATE WITH PEBBLES OF DARK, BANDED 
IRON ORE-QUARTZITE, SAHDAR, JUBBULPORE 



I Du tty Photos G. S, Calcutta 

FIG 2 BRECCIATED DARK QUARTZITE, CEMENTED BY WHITE QUARTZ, 
RIDGE NEAR AMEHTA, JUBBULPORE. 



GEOLOGICAL SURVEY OF INDIA. 


Records, Vol. LX VI I, PI. 28. 



FIG 1 SCHISTOSE CONGLOMERATE SHOWING 
PARALLELISM AMONG MUSCOVITE FLAKES. 

Crossed nicols ( X 21 ). 



FIG 2. SHOWING COARSER QUARTZ SURROUNDED 
BY FINER GRANULATED QUARTZ. 

Crossed nicols ( X 21 ). 



M. S Kiishnan 6 ^ /’ L Dutt, Photomiaos, 

FIG. 3. SHOWING PATCHES OF PHYLLITE. 



G. S. /., Calcutta. 


FIG. 4. SHOWING PATCHES OF PHYLLITE AND A 
PEBBLE OF GRANITE WITH PLAGIOCLA8E. 

Crossed nicols ( X 21 ). 


Crossed nicols ( X 21 ). 



GEOLOGICAL SURVEY OF INDIA. 


Records, Vol. LXVII, PI. 29. 



FIG 1 SHOWING A COARSE PEBBLE, VEINS AND FINELY GRANULATED MATRIX, ALL OF QUARTZ. 

Crossed nicols ( X 25). 



risk nan P. L Dutt^ Photomicros, G. S. /., Calcutta. 

FIG. 2. SHOWING PART OF A DARK, BANDED, IRON-ORE-QUARTZITE PEBBLE. 

Crossed niools ( X 25). 



INDIAN AGRICULTURAL RES^RCH 
INSTITUTE LIBRARY, NEW DELHI 


D«t4 of Imuo 

Dote of Imuo 

D«to of Imuo 















- - - 

' 



, 












— - — — 














OIPNLK— H-40 I.A.R.I.— 29-4- 5-15,000 




